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Atmospheric Transmission of Laser 
Radiation: Computer Code LASER 


1. INTRODUCTION 


Several years ago, the development of lasers as sources of coherent, mono- 
chromatic radiation led to the need for understanding the propagation character- 
istics of the atmosphere at high spectral resolution. Fortunately, a wealth of 
basic experimental and theoretical work existed in the scientific literature and was 
already in the process of being compiled to form a data base! essential to the 
development of atmospheric transmission models pertinent to laser propagation. 
This data compilation is essential to address the problem of molecular absorption 
by discrete absorption lines of atmospheric molecules. Absorption line widths of 
such atmospheric molecules are typically of the order of 0.1 cm”! at one atmos- 
phere pressure, and decrease with pressure. Thus, a computational spectral 
resolution of better than (.1cm ? is required. 

Although discrete absorption lines form the most highly frequency -dependent 
portion of the atmospheric extinction coefficient, it is necessary, in addition, to 
consider extinction due to scattering by the molecules composing the atmosphere 


and extinction due to both scattering and absorption by aerosols (particulates) in 


(Received for publication 31 January 1978) 


1. McClatckey, R.A., Benedict, W.S., Clough, S.A. etal. (1974) AFCRL Atmos- 
pheric Absorption Line Parameters Compilation, AFCRL-TR-73-0096, 


the atmosphere. These four extinction coefficients add to form the total extinction 


coefficient as indicated in Eq. (1) 
yrtk to +k to (1) 
mom a a 


where ky Om ke o, are extinction coefficients due to molecular absorption, 
molecular scattering, aerosol absorption, and aerosol scattering, respectively. 
With the exception of molecular absorption, the remaining extinction mechanisms 
all result in rather slowly varying functions of frequency and so can be dealt with 
somewhat differently from the molecular absorption effects. 


; 2,3,4 
A series of reports 


was published in an effort to provide the extinction 
coefficients expressed in Eq. (1) for a number of different atmospheric paths and 
for a large number of different laser emission lines. In addition to providing 
specific extinction coefficient information, high resolution spectra were published 
covering the entire spectra] region from 0.76 to 31.25 um, 3 using a version of 

the AFGL HITRAN computer code. This combination of extinction coefficients 

for specific atmospheric models and high resolution spectra has gone a long way 
to provide the systems analyst with some idea of the atmospheric extinction cffects 
on any laser system in this spectral region. 

However, there still appears to be « need for the user of this material to be 
able to consider laser frequencies other than those specific ones for which results 
were published and to consider alternative atmospheric modeis. The ability to 
interpolate within and to extrapolate beyond the published results is admittedly 
difficult and in some cases not very accurate. Therefore, we are using this report 
as a means of making available a computer code which can be used to generate 
extinction coefficients for the propagation of laser radiation through the atmos- 
phere. Asa result of modifications to all elements (except moleculat scattering) 
of the extinction coefficients, we are providing a limited number of revised extinc- 
tion charts for some of the same laser lines previously published. In view of the 
high interest in the propagation through the atmosphere of several laser systems, 
we are publishing revised high resolution spectra in the regions from 3.3 to 
4.2 um, 4.6 to 5.3 um, and 7.1 to 13.5 um. We have made every effort to 


2. McClatchey, R.A. (1970) Atmospheric Attenuation of CO Laser Radiation, 
AFCRIL-71-0370, WRP 9. 


3. McClatchey, R.A., and Selby, J.E.A. (1972a) Atmospheric Attenuation of 
HF and DF Laser Radiation, AFCRL-72- -0312, ERP 400. 


4. McClatchey, R.A., and Selby, J.E,A. (1972b) Atmospheric Transmittance, 
7-30 um: Attenuation of COg Laser Radiation, AFCRL-72-0611, ERP 419. 


5. McClatchey, R.A., and Selby, J. E.A. (1974) A Atmospheric Attenuation of 
Laser Radiation from 0,.7€ to 31.25 um, AFT PR 14 0008, ERP 460. 
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simplify and document the computer code, LASER, contained in Appendix A. This 
code is a special version of our AVGL HITRAN code specifically applicable to 


. . . * 
menochromatic, laser extinction coefficient calculations, 


2 MOLECULAR EATINGTION 


As indicated in the foregoing section, the process of molecular absorption by 
discrete absorption lines produces absorption coefficients that vary rapidly with 
frequency. In addition to this process, there are absorption processes that give 
rise to more smoothly varying absorption coefficients. Some examples are the 
“continuum absorption by water vapor of particular significance in the atmos- 
pheric "windows" between 3 and 5 #m and also between 8 and 14um, We also 
have a slowly varying absorption caused by the nitrogen molecule (N,,) between 
about 3and4um. Let us indicate the form of the molecular scattering (Rayleigh) 
function used in ouv calculations, before considering these absorption effects. The 
extinction coefficient due to molecular scattering is given by Eq. (2) where p and 
T are the pressure (mb) and temperature (k) of the atmospheric path and v is the 


, -1 
frequency in wavenumbers (cm ~). 


_ -20 /273\/_P ASOUIT ap cel 
Cae 9,807 x 10 (2) (sais) v (kin ~) (2) 


This expression was obtained a¢ a best fit to molecular scattering coefficients 
published by Penndorf® and is shown in Figure 1. In our model, it is necessary 

to integrate the density (p/T) through the atmospheric layer in question in order t 
represent more accurately the changing density with height. Due to the small 
variations in molecular scattering for different atmospheric models, the LASIER 
prograin provides results for anly one of the six standard input model atmospheres 
(see Appendix B). 

During the past seven years since our first publication of laser transmission 
models, there have been numerous improvements in the molecular data base which 
forms the foundation of these calculations. We cannot possibly specify each of 
thesc improvements, but we have tried to keep the scientific community posted 


"A card deck for this computer program can be obtained by writing to the 
National Climatic Center, Federal Building, Asheville, N.C. 28301 for a charge 
of $20.00. The AFGL Atmospheric Absorption Line Parameters data tape re- 
quired as input data can alsu be obtained from the same address for a charge of 
$60, 00. 


6. Penndorf, R. (1956) Luminous and Spectral Reflectance as Well as Colors of 
Natural Objects, Geophysical Research Paper No. 44, AFCRC-TR-56-203 
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Figure 1. Molecular Scattering Coefficients at 
STP 


through mectings and publications in the open literature. oe The results of these 
improvements have been incorporated on the AFGL Atmospheric Absorption Line 
Parameters Compilation and made available through the National Climatic Center 
(see Section 1), Some substantial modifications to previous results arising from 
absorption line mnodifications have been made in the region betwecn 3 and 4 
micrometers as a result of improvements in HDO and methane linc parameters. 
These improvements are reflected in some of the results included in this report. 
There has been considerable controversy during the past iwo years regarding 
the water vapor "continuum" absorption, particularly in the 8 to 14-4m region, 
but also in the 3 to S5-um region. As of this writing, existing laboratory measure- 
ments have been analyzed thoroughly; the resulting coefficients described here 
have been included in all results and in Appendix B where the LASER computer 


code is presented. 


7. Rothman, L.S., and McClatchey, R.A. (i976) Updating of the AFCRL Atmos- 
paeric Absorption Line Parameters Compilation, Applied Opt. 15:2616. 


8. Rothman, L.S. (1977) Atmospheric Optics, OSA Technical Group Meeting, 
Tucson, 19 October 1976, Applied Opt. i6(No.2):277. 
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The absorption coefficient per precipital centimeter of water vapor is given 


in Eq. (3). 


Wn nes ‘ Cy 2 Ps 7 Cy T) PN a. @) 
where Co, T) is a self{-broadening coefficient due to collisions of water molecules 
with other water molecules; Cyl. T) is a nitrogen broadening cocfficient due to 
collisions of water molecules with air (primarily nitrogen) molecules; Pz is the 
partial pressure (in atmospheres) of water vapor, and Py is the partial pressure 
of the remainder of the atmosphere (primarily nitrogen). It is necessary to 
establish the Cy and the Cy quantities and their frequency and temperature depen- 
dence in both the @ to 14- and 3 to 5-um regions. 


: A , 7 
Gi) The § to 14 micrometer continuum 


sth aeche ae 
Cory T) = Co, 296) exp (1200 ( ‘ sts) ) 


where C0, 296) = 4,18 + 5578 exp (-7,87 x 10°78 v)(pr. em)! atm! ana 


Cyl ,»T) = 0,002 x Cor, 296)(pr. em)7! atm, 


s ; : ; : 8 
(ii) The 3.5-4,2 micrometer continuum 


C0, T) = C,0',296) exp (1350 ( + on) (pr. cm)? atn™! 


Cy, T) = 0.12 x Co, T) 


where the C,(, 296) values are given in Table 1. 


rics 1. oe Absorption Coefficients for Water Vapor Continuum 
3.3-4,.2 wm 


v (om 7) (Cot, 296)(pr. em” )(atm74) Vv Cow, 296)(pr. em !)(atm“}) 
2350 0.230 2700 0,120 
2400 0. 187 2750 0. 147 
2450 0. 147 2800 0,174 
2506 0.117 2850 0,200 
2550 0. 097 2900 0,240 
2609 0. 087 2950 u, 280 


2650 0. 100 0. 330 
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Using these continuum functions and the atmospheric models described in 
Section 4, we have Figure 2 drawn to show the relative effects of the water vapor 


continuum at 4 and 10 um. 
ABSORPTION CCEFFICIENT OVE TO 


WATER VAPOR CONTINUUM 
yr 


0.400 


Tropical 
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0.300 


0.200 


& (key 


0.100 


Figure 2. Absorption Coefficient Due to Water 
Vapor Continuum for Standard Meteorological 
iwiodels: MS = Midlatitude Summer; SS = Sub- 
arctic Summer; US STD = U.S. Standard Atmos- 
poeres 1962; MW = Midlatitude Winter; SW = 


ubarctic Winter (see Table 5) 


In addition to the more or less continuous absorption due to water vapor as 
described, there is another quasi-continuous absorption feature due to molecular 
absorption by the nitrogen molecule centered near 4.3 wm (2350 cm” 1), In the 
spectral region from 2400 cm! to about 2800 cm”, this absorption feature is of 
particular importance to laser transmission, as it tends to provide a background 
transmission level for paths in the lower atmosphere regardless of the presence 
or absence of absorption lines and regardless of how dry the atmosphere may be. 
It is of little importance at frequencies smaller than 2400 cm} due to the over- 
wnelming absouption by atrrospheric carbon dioxide. Figure 3 represents the 
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Figure 3. Absorption Coefficient Due to the Pres- 
sure -Induced Nitrogen Band at 4.3 «hm 


“absorption coefficient as a function of frequency for this nitrogen absorption as 


contained in the LASER computer program in Appendix B, 

In addition to these "continuum absorption" features, there is another issue 
accounting for much of the uncertainty due to molecular absorption in laser extinc- 
tion computations. ‘The problem is related to an accurate description of absorpiion 
line wings beyond 10 or 20 em”? from absorption line centers. Indeed, in some 
cases uncertainties begin to arise within only a few wavenumbers of the centers of 
absorption lines. In our calculations and in the LASER program, we have trun- 
cated all line wings at 20 cm”? from line centers. In the lower atmosphere, all 
lines have been assumed to follow the Lorentz line profile, except that carbon 
dioxide lines have been modified by multiplication by the x factor given in Table 2. 
This factor arises from analysis of measurements made by Burch et al. 9 Meos- 
urements of Long et al?? and others provide evidence that water vapor lines should 


9. Burch, D.E. (1970) Semiannual Technical Report, investigation of the Absorp- 
tion of Infrared Radiation by Atmospheric Gases, U- 5 

10. Long, R.K., Mills, F.S., and Trusty, G.L. (1973) Experimental Absorption 
Coefficients for Eleven CO Laser Lines, RADC-TR ke ; 
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Table 2. The "x" Factor Modification to the Lorentz Line 
Profile for co, Lines 


be represented by some ''super-Lorentz'' function, but as of the present, this re- 
mains one of the major unresolved problems of molecular spectroscopy. In any 
event, in regions where extinction coefficients are small, the contributions of line 
wings will be small and the empirically derived continua described here will dom- 
inate the molecular absorption between absorption lines. In spectral regions 
where line wings are more significant, the total extinction will be large, so the 
uncertainty in extinction coefficient will increase. However, in most cases, the 
existence of large extinction coefficients for atmospheric propagation will reduce 
the interest in developing systems operating at these wavelengths in the first place. 

In the interest of developing a consistent set of AFGL Atmospheric Transmis- 
sion Models, the continuum absorption for water vapor and nitrogen described in 
she preceding paragraphs is identical to the continuum models used in the most 
recent LOWTRAN modei (LOWTRAN 3B).?! This is possible in the case of the 
continuum absorption as it is fundamentally described by slowly varying (low 
resolution) functions. 


3. AEROSOL EXTINCTION 


Aerosols produce yet another rather continuous or slowly varying set of . a 


extinction coefficients throughout the visible and infrared spectral regions. Al- 
though there are some spectral features associated with aerosol extinction, this 


11. Selby, J.E.A., Shettle, E.P. and McClatchey, R.A. (1976) Atmospheric 
Transmittance from 0.25 to 28.5 um: Supplement LOWTRAN 3B (1976), 
-76-0258, ERP 587, 
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interaction of radiation with solid particles always generates smoother spectral 
features than those resulting from gaseous absorption. 

Throughout most of the visible and near infrared, it is the scattering coeffi- 
cient due to aerosols which is most significant, At longer wavelengths, absorption 
by aerosols contributes significantly to the total extinction as well. 

In general, it is necessary to know (or measure) two different quantities in 
order to describe adequately the aerosol extinction in the atmosphere: We must 
know the complex index of refraction of the particles; and we must know the par- 
ticle size distribution (that ic, the number of particles within a given size range 
for all particle sizes that might affect the extinction of radiation of the wavelength 
in question), A knowledge of these two quantities is sufficient if the assumption 
of spherical particles is valid. We also must know these two quantities as a func- 
tion of position along the atmospheric path in question. Even if we can assume 
horizontal homogeneity, we must define the vertical variation of these quantities 
for anything other than a horizontal path. Given this information and assuming 
Spherical particles, we can apply Mie theory calculations to the aerosol models 
and aerosol scattering and absorption coefficients can be computed. 

The difficulty is that we usually do not have the necessary aerosol measure- 
rents available for the atmospheric path in question. In fact, generally, we don't 
have any kind of statistical base of aerosol measurements available for a given 
site. So, we need to develop some reasonable models based on all available meas- 
urements and then learn when these might be valid for an arbitrary atmospheric 
path. 

Efforts he ve been made to do just this and much of the experimental data and 
analysis leading to such models can be examined in two reports by Shettle and 


Fenn. tate A description of some of these models is also available in the 


LOW TRAN 2B report. 
Tn the development of the LASER computer code, a subset of the aerosol 


models described in the three references has been used and will be described here. 
The extinction coefficients (scattering and absorption separately) usec in the LASER 
program are given in Table 3 for each of the following models: Rural, Urban, 
Maritime, Tropospheric, Background Stratospheric, Aged Volcanic and Meteoric 
Dust. The first three of these models are intended to be strictly boundary layer 
models and may be applied only to the lowest 1 to 2 km. The third (Tropospheric) 
model may also be applied to the boundary layer under extremely clear continental 


conditions, The Background Stratospheric and Aged Volcanic provide a range of 


12. Shettle, E.P., and Fenn, R.W. (1976) Models of the Atmospheric Aerogola 
and Their Optical Properties, AGARD Conference Proceedings No. 183, _ 
Optical Propagation in the Atmosphere, pp. 2. 1-2. 16. 

13. Shettle, E.P., and Fenn, R.W. (1978) Models of the Atmospheric Aerosols 
and Their Optical Properties (to be published). 
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Table 3a. Attenuation Coefficienta Resulting from Aerosol Extinction — Rural 
(Normalized to an Extinction Coefficient = 1.00 km~! at a Wavelength = 0.55 4M) 
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Lo 17.200 ye 369E=02 4. 512E-02 4 eBSTE-02 
18.009 8, .B2E-H2 &G495E-02 he 387E-02 
a 18.500 8.562E-12 6.2? 76E-62 4e2R6E-02 | 
i 20.000 9.932€-02 Ge175F 02 he B857E~-62 
f 21.300 Be 747E-02 3. 968F-02 4. 959E-02 é ! 
F 22.500 8.7 39F-02 3.683F- 02 4.856E-02 4 
} 25.000 8.2 42F-02 3.505E-92 be 737E-02 
} 27.900 7.5 08E-02 3. 095F-02 &.713E=02 ee 
iE 30.000 7H 2HE-D2 2.807F-02 481 7E-02 - 
35.000 7.4 868-92 2e€01E-02 4 885E~62 
60.000 7.2 B3E-02 2e3116-02 4 697 2E-02 
: 16 
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Table 3b. Attenuation Coefficients Resulting from Aerosol Extinction — Urban 
(Normalized to an Extinction Coefficient = 1.00 km~! at a Wavelength = 0.55 um) 
: «700 1. -64F+00 1.28764+00 ba7H7F-O1 
2250 1.7 98F+00 1.254F+00 Geb 7UE- 01 
2300 1.4 33E+90 1.154400 4.792E=01 
337 1.507E+90 1-<065E64+00 HehI7E-O01 
’ 2*00 1.3216+00 O,171E-01 GO36E-01 
+488 1,116E+00 7 .567E-01 3.591E-04 
«515 1.0656+90 Te167E-01 3,4R2E-94. - 
550 1.900€+70 6.657E-O4 3. 343E-01 
2633 667 326-04 5.7 06F- 51 3.027E-01 
2694 7.976E-O01 5.110€-O2 2. 8666-01 
260 6.3 74E-84 3. 828F-O1 2.545E-01 
1.060 5.1S2E-94 2,8968-01 2.2566-91 
1.300 4&.095E-91 2ei316-014 1.964E-01 
1.536 34 238-01 1.6708-01 1.753604 
1.800 2.%26E-01 1.302€-01 10524E-01 
2.000 Pe4GRE-OL 1,.129E-01 1.339E-04 ‘ 
2.250 2.224KE-01 9.833F-02 1-2406-01 ‘ 
2.500 200 326-01 8 .75AE-02 41.157E=-01 : 
2.700 2e016€-01 7T.286E=02 1-2R8E-01 
3.000 1.796F=01 7.209F-02 1.9075€-01 
3.200 1,492E-01 7eS572E-H2 9. 3466~02 : 
3.392 1.6356-01 7.383E-02 Be 966E-02 : 
3.500 1.6118-01 7,.5006-02 BeG10E-O2 i 
3.750 1.532E-01 7. 258E~02 8. 063E-02 4 
4&.000 1.46RE-O1 6. 939E= 2 7-739E-02 : 
4.500 1.369F-Hi 6. 2208-02 7e47SE-82 : 
5.000 1.272€-01 5.900F~02 6. 824E-02 : 
5.500 102 006-01 5 386E~02 6-613£-02 : 
' 6.000 1ef 246-01 4, 767E~02 6.472E-02 
6.200 Le113E-0L 4&.6346~-02 6<492E-02 ; 
6.500 1.089€-01 &.R96E~02 6-393E-02 x 
7.200 4.1 06E-0L 4. 2716-02 60 78KE-02 H 
7.900 9.1 48E-02 3.118E-02 6eOX0E-02 : 
* 8.200 R.759F-02 2,199F~02 6 -560E-02 ‘ 
‘ 8.500 1.1 42F-01 3.205€~-02 72916E-92 q 
3.700 1.1 738-01 &.318E~02 ToL 6E- 12 2 
9. 000 1.7 026-01 4. 414E~02 7-610E-02 } 
‘ 9-200 1.227E-04 4. 1821€~ 02 8. 09%0E-02 i 
9-500 1.106E-0% 4.262E-02 6. 802E-02 : 
9.600 1.056F-01 eh 00E~02 6.161E-02 % 
16.900 1.050E-0% & I65E~-02 6eO37E-02 a 
10.594 9.843E-02 &~350E-02 5 .493E-02 1 
11.000 9.4 88E-02 4 448E-02 5. 080E-02 3 
14.500 9.192E-02 4.350E-02 &.862E-02 4 
12.500 8e687E-02 4.083E~-02 4 e604E-02 
13.000 8.523€-02 3.961E-02 4.562E-02 | \ 
14. 000 821 89E-02 Be71ITE-02 4eWT6E-02 : 
14.600 72° 96E-02 3.275E-02 & «621E-02 ' 
r 15.000 B.321E-02 2.985E-02 5 «3366-02 a | 
16-408 8.2 0RE-82 3.457E-02 &e751E~-02 = 
17.290 8% 35E-92 36524E-02 &.911E-02 ‘ ' 
18.000 8. 09KE-02 3.899F-92 &2595E-92 : i 
16.500 7-8 B1E-02 3.376E-02 &.505E-02 
20.000 7 .989E-02 3.298E-02 & 6 6918-92 F 
212306 7 -846E-02 3.174E-02 8 672E-02 i 
22.508 7 651-62 3.099E-82 % = 552E-02 j ‘ 
25.000 722 35E-02 2.861E-02 lee STHE-02 q : 
b : 27.900 68A7E-02 2.601€-02 he 266E-02 i: : 
30.000 6.648E-02 2e422E-02 &e226E-02 } 
35. 606 6-360E-02 2.288E-02 &etl2b-02 ' i 
&0.000 6.065E-02 22037E-02 4. 028E-02 | 
WW : 
\ 
t 


Table 3c. 


fe Sire ees 


Attenuation Coefficients Resulting from Aerosol Extinction — Maritime 
(Normalized io an Extinction Coefficient = 1,00 km7* at a Wavelength = 0.55 um) 


+200 

2250 

«300 

«337 

400 

ohF8 

2515 

«550 

0633 

2694 

«860 
1.060 
1.360 
1.536 
1.600 
2.000 
22250 
26500 
2.700 
3. 000 
3.200 
3.392 
3.500 
3.7590 
4.000 
&.506 
5.000 
~ 5.500 
6.000 
6.200 
6.50 
72200 
7.900 
6.200 
6.500 
8.700 
4.000 
9.200 
9.500 
9.600 
10.006 
10.591 
11.000 
11.500 
12.500 
23.000 
{4.000 
1£.606 
15.000 
16.406 
17.200 
186.090 
18.500 
20. 000 
21.300 
22.506 
25.000 
27.908 
30.000 
35.000 
40.000 


1. 731AF+90 
1.735E+90 
2.1 70E+00 
1.1 3HE+ 90 
1.0 73€+00 
1.926EF+09 
1.909F +00 
1.1 ONE +00 
9.5 S55E=41 
9 4S4E-01 
91218-0141 
82 O3E-Ot 
Be QHE-D1L 
B.071E-61 
7.626E-01 
7e297E-01 
605 7HE-O1 
6.3 056-91 
5.7%13E-01 
6e599E-01 
60° O2E-O1 
604 71E~ 01 
6-7 65E-O1 
Se2 LT TE-OL 
54 B7E-OL 
4.945E-O1 
GG 3BE-OL 
3o752€-91 
3-4 71E€-01 
oS 3KFRAL 
Se518E-O01 
3.-OL1E-01 
2e572E-08 
2.506E-01 
2e560E-01 
2.7 01E-01 
2.663E-01 
2-507E-01 
2.7 4KE-81 
2.961F-01 
1e3 328-01 
4.68 34E-01 
1.563E-01 
1ALSE-O2 
1.952F~01 
2e1218E~01 
2.3 3HE~O1 
2.412E-61 
2e461E-01 
2.585E~04 
2e608E~-01 
2-556E-01 
2-S501€-61 
2.-309E-91 
2-160E-01 
2-145E-01 
1.8 36E-01 
1-659E-01 
1.532E-01 
21-419E-01 
12e590E€-01 
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2218A5200 
1-161E 400 
1.142E €00 
21.115E #00 
1.06364090 
100186 +00 
9.975E-01 
9.882E-014 
9.556E-81 
9.396E-01 
Fe D13E-OL 
8.682E-01 
§.288F- OL 
7e951E-O1 
7.53KE-04 
7e159E°O2 
6@.772E-01 
6-093E-01 
4%. 399E-01 
Be2P1E-91 
4.59GE-01 
5Se670E--1 
5 oBK9IF-OL 
5e6G5E-01 
5.2R9E-01 
&eS20E-01 
&.072E-91 
3.831E-014 
1.98HE-01 
2. 866E- 0% 
2.879E-01 
24158-0121 
1.988E-08 
1.6869E-01 
1. 848E-01 
1.996E-01 
1.955€-01 
1.786E-01 
£.609E-01 
1.439E-01 
1,397E-01 
9.447E-02 
7.216E-02 
5.652€-02 
%.S23E-02 
&,801F-02 
S.448E-02 
S.8N1E-02 
5.950E-02 
6.689E-02 
7e5OKE-02 
7.611E-02 
FebBhE-02 
F.033E-02 
Ge51IKE-C2 
6.1286 -02 
5.367E-02 
§.611E-62 
& -065E-92 
3. 00G6E-02 
2.533E-92 


1, 300€-01 
5S. 471E-02 
2.30NE-02 
1.0586 -02 
1.536E-02 
1.271€~-02 
L.L47E~-02 
1.179&-02 
3. 9f0E-03 
9.790€-03 
1,004E-02 
1.210€-02 
1.178E~-02 
1,207E-02 
9-180E-03 
1. 3280E-02 
1.062€-02 
2.1256-02 
9.134E-02 
3.328€-013 
2.208E-01 
8. 008E-02 
4e164E-02 
1.718E-02 
1.985E-02 
he 2BTE<12 
3.660E-02 
3.207E-02 
1.488E-01 
1-48KE-901 
7.387E-92 
$.965E-02 
5e 840E-02 
6. 368E-02 
TeALQIE-02 
7eA51E~N2 
720R5E-02 
7a 2i8E-02 
6. 397E-02 
62 222E=02 
602%5E-02 
6. 893E-02 
Be 415E-02 
1-052€-01 
1-890E-01 
42 €29E-01 
1. 789E-01 
1-832€-01 
1. $66E-01 
1-876E-61 
1e858E- 81 
1-?795E-01 
te752E-B1 
1-606E-01 
12509€-01 
LaNSSEOL 
1.299E~-01 
1.198E-62 
1.123€-01 
Le119E-91 
4v336E-01 


\ 
\ 
\ 
\ 
‘Table 3d. Attenuation Coefficients Resulting from Aerosol] Extinction—Tropospheric 
(Normalized to an Extinction Coefficient = 1,00 km7! at a Wavelength = 0.55 um) . 
«206 2.545F¢00 2.036E+00 5S. 090E-01 . 
P -250 2.1896 +08 1.966€ +00 2018%E-O1 . 
» 300 1.4 78E400 1.766F +00 10119€-01 \ 
2337 12690E+00 1.616E +00 Tah29E-02 
2400 1.4 29E4 D0 1.368E+00 6e14hE-02 \ 
«488 1.151E4+00 1.102€+00 &,8AKE-02 : 
. 2515 1.782€+00 1.0376+00 &.589E-02 aN : 
2550 1.000F+00 9,528E-01 4.716E-02 \ 
«633 B.BiF-O1 7.983E-04 S.OR5E-02 \ 
» 69% 7eGADE-OL 7.0 286-01 3.916F-02 \ | 
.860 540 38-01 &.S74F-OL 4, 326E-02 i i 
1.060 3-965E-01 3.532E-91 4. 33RE-02 t 1 
1.300 2eA93E-O01 2.313E-01 3, 796E-02 : : 
1.536 1.9 48E-01 1.€03F-O1 3.451E-02 7 
1.800 1.210F-O4 9.90KF-02 2.200€-02 
2.000 7 AS SE-02 6.7HLE-02 1.0926-02 
2.250 Get SLE-02 5.005€-02 1.1466 -02 ' 
2.500 4 .9SKE-02 3.797E-02 1.157E-02 \ a P 
2.700 6+541E-02 2.650E-02 3.8916-02 \ 
3.000 3.98 %E-02 2.394F-02 16ER9E-02 \ 
3.700 30127E-492 2. 3506-02 6.770E-03 
3.392 2.7818 -02 2.133F-02 6.4F0E-03 \ 
3.500 2.657E-02 21 7HE-02 4, a30€-03 
3.750 2.7 &0E-02 1.838F-02 4. 020€-03 ' 
&. 600 1998-02 1.56KE-92 & ,340E~03 ; 
4.500 1 -ROOE-02 1.159F-02 7 .090€-03 . 
5.000 1464 ?2E-02 8.4S0E-03 6.230E-93 : : 
5.500 1.6% 16-02 6.110F-03 8. 050E-03 a 
. 000 1.481E-12 4. 010F-93 1,0°0E~02 : 
6.200 1.562F=-02 3.930F-03 1.169€-02 ; F ' 
6.500 10559F-02 3." SDE-03 1. 2766-02 
7-206 2.% 308-02 2.940€-093 2,0°*66~02 
| 7.900 1.°S6F-N2 5.5 006-04 1.801€~02 r 
j 8.200 202 4OF-02 1.700€-08 2.979F-92 x 
8.500 Ge 63E-02 1.210F-03 4484 7E=02 2 
8.790 4.7? DHE-02 7.A50F-93 3241 9E-02 * 
9.9000 4.597E=02 8.4 70F-03 3.750E-02 7 
9.200 5e432F-92 2005-93 4 .B12E-02 : ' 
9.500 3.1 84E-07 4.B40F-03 Pa 7 00E-92 
9.800 2.7 AQF-02 4.2 39F-03 1.966F -92 
19.000 20 7?706-02 3.750F-03 1.895E-02 re 
10.693 1.720F-92 2.750F-93 1.445F-92 & 
11.090 1.343F-02 2,3506-03 1,1026-02 2 
11.500 1.212F-02 1.550F-95 1.07 7€-02 3 
12.500 1.11°F-02 1.220F-03 9.970E-03 3 
13.000 1.1406-02 1.0406-03 1.0%6E-02 ; 
14.000 1.151F-92 7.500f-04 1.076E-02 : 
14.800 1.438F-02 4 .20NF-04 1.3496 -02 q ; 
15.000 2642NE-02 &,€00F-04 2.374E-02 7 i 
16.4600 1."566-92 6. °00E-94 1L.URBE-02 i ; 
17.200 1.5708 -02 9. 200F~04 1.57 AE-02 4 
18.000 1¢396F-02 7.200F-04 1. 3?4E-02 q “ 
17.500 1.401E-02 5.600F-04 16 3456-02 ; 
20.000 1.591E-92 Be 1hOF-04 1.5306 ~02 } ‘ 
. 210300 1.565F-02 4.900E-04% 1eFLEE-92 { : 
22.50N 1.5936-92 &- Q00E-04 1.553E-02 © j 
25. 0u0 1.581F-92 2.600F-04% 16555£-02 \ : 
27.900 4A 25E-12 1.700F-04 1-ENFE-12 3 
38.000 1.7 44F-92 1. 2006-04 107320-02 { 
: 35.000 1.739F-92 9, 0006-05 16770E-02 F 
49.000 1. 13F-02 6. 000F-05 1.5N7E-92 \ 
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= 0.55 um) 
2200 
-250 
2300 
«337 
«h00 
«486 
2515 
2550 
2633 
2694 
860 
1.060 
1.300 
1. 536 
1.800 
2.000 
2.250 
2.500 
2.700 
3.000 
3.200 
3.392 
3.500 
: 3.750 
4. 090 
4.500 
5.000 
5.606 
6.000 
6.200 
6.500 
7.200 
7.900 
8.200 
8.500 
| 6.700 
| 9.000 
! 9.200 
. 9.500 
: 9.800 
19.000 
10.591 
11.000 
11.500 
12.500 
13.000 
14.000 
16.800 
15.090 
16.400 
17.200 
18.000 
18.500 
: 20.008 
21.300 
22.500 
25.000 
27.900 
30.000 
35.000 
£0,000 


1.487F 490 
1.553€00 
1.555400 
1.515800 
1.376€+00 
1-1 508480 
1.087E+00 
1.000€400 
$.2768-01 
70 63E-O1 
&.685E-O1 
205 86E-O1 
126 62€-0f 
9.992E-02 
5eABLE-02 
&183E-02 
2e727E-02 
1-8&9F-02 
Le%3HE-02 
605 10E-H2 
8e7FLE-02 
8 eI 27E-02 
8 eS GOFE-Q2 
6052SE-02 
5 .79KE-02 
%.T64E-02 
4e27TE-02 
58O07E-02 
5.%68E-92 
&.392€-02 
3.338E-02 
404 S56E-02 
LL 87E-01 
LeG7LE-O1 
1.457E-01 
Le274E-01 
9.789E-52 
3.780E-02 
1.0 06EF-01 
Te%23E-02 
5.1 20E-02 
4 .368E-02 
S.736E-92 
3.575E-02 
1.975€-02 
1.940E-92 
1.*°67E-02 
1.° 95E-02 
1.953F-02 
3.665E-02 
G.152E-02 
2.326€-02 
1.714E=-02 
1.365F~02 
1.519E-02 


“LA 32€-02 


8.3 70E-03 
68 L0E-03 
6.7 306-03 
5.2 90€-03 
5.9 298-03 
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L.487E #00 
1.5536400 
1.555€+60 
1.5156 600 
1.376E+00 
1.150€+00 
1.087E+00 
1.0006 #00 
8. 224E-04 
7. 063E-01 
4 685E-01 
2.866E-01 
1.642E-01 
9.972E-02 
S.817E-02 
&.055E-02 
2.570E-02 
1.560£-02 
9,310E-03 
6.320£-03 
6.000E-03 
6.27NE-03 
6. 230€-03 
5.100F-03 
4. 030E-03 
2.820€-03 
1.4506-03 
1.0306-03 
1.050£-03 
&.800F-08 
5.5 006-04 
1.900F- 08 
5.000€-0% 
7.7 006-04 
9.500E-0% 
9.6006-04 
7.2G08-04 
5.8006-08 
7.100E-04 
6-7 00E-04 
&.9CQE~ 04 
2.700E-04 
2.6006-04 
2.600E-0% 
1.300£-04 
1.0 C0E-0% 
7.000F-05 
5. 0006-05 
5. 0006-05 
4 .000E-05 
5.0006-05 
5.000€-a° 
&. 0005-05 
2. 000E-05 
2.0006-05 
2.9006-05 
1.000E-05 
4.000E-05 
1.000£-05 
0. 

0. 


Table 3e. Attenuation Coefficients Resulting from Aerosol Extinction - Background 


Stratospheric (Normalized to an Extinction Coefficient = 1.00 km™+ at a Wavelength 


0. 
0. 
QO. 
Oe 
0. 
O6 
0. 


20 000E-05 
2. 980E-04% 
Se ST0E-04 
1. 280E£~-03 
1-57HE-93 
20 890E-03 
&.O30E-03 
5.678E-02 
7e6TLE-02 
8. S00E-02 
%eILPE-02 
6. 019E-02 
§.391E-02 
&.522E-02 
&eI32E-02 
5. 704F~-02 
5. 263€-02 
42 304E-02 
32 283E-02 
ee &3TE-02 
1e182E-01 
16463E-01 
1-488E-01 
1-26KE-01 
9.217E-02 
8e722E-02 
G9.9f&TE-92 
7e256E-02 
He 9T1E<02 
4o0K1€-02 
5-71 0E-02 
30 5H9E-02 
1-962E-02 
16930E-02 
1-860E-02 
1-890E~-02 
1¢948E-02 
3 -681E-02 
Be IS7TE-02 
20 321E-02 
1-710E-02 
te 3RIF-12 
1.€17E-02 
1-E30E~-02 
8.360E-93 
6-800E-93 
60 320E-93 
5-800€-83 
5e920E-C3 


Dribble cian A — ta Mtl aoe = ta Aad aiaticleaatnet om + 


Table 3f. Attenuation Coefficients Resulting from Aerosol Extinction — Aged 
Volcanic (Normalized tc an Extinction Coefficient = 1.00 km~! at a Wavelength 
= 0.55 
ee «200 1.149F490 7.006E- 014 4e4X2E=01 
: 2250 1.183E+00 9.009F-01 2,81GE-O1 
-300 1.197F+00 1.079400 11266-0121 
2337 1.180F*00 1.095400 8-497E-02 
400 1.140F+00 1. 06RF #00 7. 24KE-02 
0 486 169636490 1.003€+00 5 u962E-02 
. +515 1.9 36E+00 9.799E-01 5.6516 -02 
2550 1.900F +00 9. 7IE-01 5. 271E-02 
0633 9.129€-01 B.676F-01 &.5%2F-02 
694 3.4 87E~OL 8.079E- 04 4. O8KE-02 
-860 6.9 A7E-O1 6.570F-O1 3.178E-92 
1.060 5.3O2F-OL 5.057E-01 2.452E-02 
1.300 BeBBLE-01 3.693E-04 1. 481E-02 
1.536 2e797E-O1 2-648E-O1 41.&90€-02 
1.800 1.9686-01 1.849€-01 1.191E-02 
2.000 104 S55E-UL 4. 353E-01 1-0192-02 
2.250 101076-O01 1.021F-014 8eE70E-03 
2.500 BoA SSE-02 7.792E-G2 6.430E-03 
2-700 Tei BSE-02 6.383E-02 80%20E-03 
3.000 6.0 75-02 5 1266-02 9.490E-03 
3.200 5.1 98E-02 4 .262F=02 9, 360E-03 
3-392 4e50%E-02 3.76LE-02 To 430E-03 
3.500 4.0 89E-02 3.435E-02 66S80E-03 
3.750 3e4O1E-02 2.9136-02 4. 880E-03 
4.000 207 G3E-92 2. 3946-02 3490-03 
4.500 2.09KE~-02 1.775E-02 3.1906-03 
5.000 1.539E+02 1.204E~-02 3-e350E-03 
5.2500 1.265E-02 8.690E-03 3.960€-03 
6.000 1.021&-02 5.700E-03 4e510E-03 
6.200 9.920€-03 4.670E-03 S.250€-03 
6.500 1.083E-02 3.780E-~03 6-650E-03 
7.200 1.362€-02 2.500E-03 212112€-02 
| 7.900 1.788E-02 1-360E-~63 1.€52E-02 
' 8.200 2e2TIE=“92 9.900E~04 Ze I8DE~02 
8.500 2-4 75E-02 2.570E-03 20218E-02 
| 3-700 20919602 &.810E~03 2e838E-02 
9.000 3-1 05€-02 G-920E~03 2<506E~02 
| 9.200 3.2 31€-82 S.73508~13 2-€5BE-02 ds 
4 9.500 3.389E-02 5.180F~03 2-871E-02 : 
\ 9.800 3eG54E~ 42 4. 750E>03 2.979E-02 : 
H 10.000 3e458E-02 4&.490E~03 3. 80SE-02 
: 19.591 Bet HB1E-02 3.220€~63 2e859E~02 
11.000 2-771€-02 2.-600E~035 Ze51i1E- 62 : 
11.500 2.473E-02 1.916F~03 2. 2828-02 t 
12.500 Lo723E-02 9.000F~04% 1-623E-02 
13.000 1.601€&-02 7-100E~04% 1-530E-02 : 
14,0900 1.493E-02 Ge600E~04 1Leh¥7E-02 3 
14.860 1.565€-02 3. 300E~04% 1.532E-02 g 
15.000 1.667E~02 3-200E~-04% 1-€35€-02 
» : 166400 1.668E-82 2-AOHE~0& 1.620E=-02 
: 17.200 1.7 35€-02 2.900E-04% 1.706€~02 e 
16.006 1.857E-02 3-100E~04 1.826E-02 * 
18.509 1e772E-02 Je100E-0§ == = 167&1E-02 3 
er 29.000 1.618E-62 2.600E~04 1-390E-02 Fe 
: 21.300 1.077E-02 2. 300E~04 1-054E-02 7 
‘ 22.508 1.4 24€-02 2.600E~-06 11 AhE-02 3 
: 25.900 1.052€-02 1.400F~04 1.038€-62 4 
: 27.900 1.-080€-02 8. 0fGE~05 1-07 2E-02 3 
x 30.000 1-1 30E-O2 6. 000E-65 10124E-02 i 
, i 4 P 35.000 1.1 95E-02 3.000E-85 1.19ZE-02 : 
» 40. 00f 1.330E-02 2.008E~05 1.328E-02 : 
in 8 21 
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Table 3g. Attenuation Coefficients “esulting from Aerosol Extinction — Meteoric 
Dust (Normalized to an Extinction Coefficient = 1.00 km~! at a Wavelength = 0, 554m) 
~ 200 1-9506490 1,0€0F +00 6.300E-O08 
2250 1.9556400 1.057F +00 9. 9N0E-04 
2300 1.959E4+00 1.057€+00 42570E-03 . 
2337 1.9536400 1.0516 +00 1.810€-03 
«400 1.094364 00 1.0461F+90 2.€00€-03 
488 1.0 206406 1.016F #00 3.e7 06-03 
2515 1.712E+90 1.007F #00 &,J1L0E-03 
«550 1.0 00F+00 9.949601 §.060E-03 
«633 9.723E-01 9.657E-N1 6-660E-03 
2694 9.495E-01 9.416F-01 7.9308-03 
«860 8.A77E-O1 6.756E-01 1.2126 -02 
1. 06 8.146€-01 7.963F-01 1.677E-02 
1.300 7.329€-01 7 .0S57E-01 2.716E-02 
1.536 6.605F-01 6.233F-01 3.0?5E-02 
1.800 5S ARSE-O1 5.390E-01 &.S98E=-02 
2.000 54 36€~01 & .A22E-01 6.161E-02 
2.250 &oILGE-OL 4 .160F-01 7.S39E-02 
2.509 4.4 68E-01 3.57NE<01 6.943E-02 
2.700 &.167E-01 3.162F~-01 1.005E~01 
3.000 3.AN6E-H1 2-685E-91 Le161E-01 
3.200 BeHALE—ML 2.367E-01 1.254E-O1 
3.392 324 78E-01 2o1l G7E-OL 1. 3316-01 
3.590 Je41LOE-N1 2,042E-01 1. 36RE~-O01 
3.750 3.°B0F-OL £.O45E-01 L1e435E-OL 
4.000 3el72E-01 1.700E-01 1.4727E-01 
&.500 2 7 2E-01 1.509€- 01 1.463E-01 
5.000 2e751E-01 1.376E-01 1.373F-61 
5.506 2e5OR8E-OL 1.2626-04 1.286€-01 
6. 000 2e762F-01 1.1846 -01 1.118601 
6.200 221 66E-01 1.094E-01 1.071€-01 
6.500 200 25E-01 1-0 36E-01 1.008E-01 
7.200 1.727E~O1 822E€8E-02 9.00%F-02 
7-900 1-491E-01 6.170€-02 8.737E-02 
4.200 1042KE~-01 S$ e237E=02 68.999€&-02 
8,500 1-394E-01 &.326E-02 9.618E-02 
‘ 6.700 10%O06E-01 3~.775E-02 1,0316-01 
: 9.000 1.5 06€-02 3.151E-02 1.191F-01 
1 9.200 1-640E-01 22362E-32 L.IShE-01 
f 9-500 LeIKRE-O1 3.2129E-02 1.€31E~01 
i 9. 800 20752E-O1 3.697E-02 1,682E-01 
\ 10. 000 2e361E-01 4&.059F-02 1.955E-01 
10.591 20 4G8E-01 &e385E-02 2-010E-01 
11.000 Ze? TIESAL 5-29HE-02 2.200E-G1 
11.500 2-S507€-01 6.657E-02 1.-882€-01 
12-500 1-527E-01 5.990E-02 9.282E~02 
13.000 L-F16E-01 5.088E-02 6.076€-02 
16.000 1.1 46E-01 32968E-02 7o47T6E=U2 
14.808 9-6 03E-02 2.937E-02 6.€66E-02 
15.000 9.456E-02 2e633E-02 6.8 238-02 
16-400 1-858E-01 2. 245E6-02 1.233€-01 
17.200 16237E-01 1.822E-02 1.055E-01 
16. 000 1-560€-01 1. 767TE-02 1.383E~61 
: 16.500 1-835E-01 2.167E-02 1.618E-01 
. 20-000 1-684E-01 2.886E-02 Le3L5E-01 
t 21.300 1-219E-01 2.356E-02 9.836E-02 
: 22.506 L1.-227E-01 1.88FE°“02 1.083E€-01 - 
: 25.000 1-292E-01 26339€-02 1.-05RE-ai ‘4 
& 27.908 9.600E-02 1.851E-*02 T.7TRIE-82 , : 
a 30.060 6e581E-02 1.763E-02 6.758E~02 : ‘ 
.£ 35.000 5 .055E-02 1.360€-02 3.695E-02 - i : 
e 40.000 #e109F-02 8.696E-03 | 3. 2456-02 Z i 
k | i? 
a a i: 
I, ; 
12 $ 
im: i 
; 
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extinction for the stratosphere. Currently, conditions are similar to the Back- 
ground Stratospheric, although the eruption of new major volcanos could change 
this. The volcanic stratospheric model should be used to represent the strato- 
sphere during the late 1960's and carly 1970's. The meteoric dust model is in- 
tended to be used only above 30 km. 

The question of when to apply the three boundary layer models remains some- 
what ambiguous and requires some judgment. Some rules-of-thumb follow: 

(1) Relatively clear, continental air having a trajectory from relatively unpolluted 
land areas should usually be represented by the Rural model. (2) The Urban 
model should be used not only in urban areas under rather stagnant, stable weather 
conditions, but may also be used in repions where the trajectory of the prevailing 
air mass indicates an urban origin. (3) The Maritime model should be used not 
only over the oceans, but also over land areas where the trajectory is obviously 
maritime. 

The LASER program has been set up using the Rural model in the lowest 2 km, 
but results for a sea-level path are also provided for any input laser wavelength 
for the Urban, Maritime, and Tropospheric models. 

Table 4 has been constructed based on extinction coefficient and number ‘onsity 
measurements of aerasols as a function of altitude. This table constitutes ¢ se.ies 
of scaling factors which, when multiplied by the scattering and absorption coefti- 
cients of Table 3, give the scattering and absorption coefficients as a function of 
altitude. The work of Shettle and Fenn!?: 13 
be accommodated in the LASER code, so here we have hmited these to a "Clear" 


provide many more models than could 


and a "'Hazy' model which at sea level relates to a meteorological range of 50 km 
and 5 km, respectively. Aside from the options available for the boundary layer. 
the LASER program divides the atmosphere in the vertical into four general regions 
and uses the extinction coefficients in the "Clear" and "Hazy" atmospheric aerosol 
models as indicated in Table 4. If the extinction coefficient for other than 50- or 
5-km meteorological range is required, a linear interpolation will provide a rea- 


sonable estimate. 
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Table 4. Scaling Factors Representing Vertical Distributions of 
Aerosol Extinction 


6.95E-2 
2.58b-2 
9. 70E-3 
8,19E-3 
6.43E-3 


Uses Rural Extinction 
Coefficients 


4,85E-3 
3,54E-3 
2,30E-3 
1.41E-3 
9.80E-4 


9, 30E-3 
7.7T1E-3 
6, 228-3 
3. 36E-3 
1. 81E-3 


Uses Tropospheric Extinction 
Coefficients 


7.87E-4 1, 85E-3 
7. 14E-4 2.11E-3 
6.63E-4 2.456 -3 


6,22E-4 2,80E-3 


6.45E-4 
6.43E-4 
6.41E-4 
6.01E-4 


2.89E-3 
2, 92E-3 
2, 74E-3 
2.46E-3 


5.63E~-4 2, 10E-3 
4, 92E-4 1.71E-3 

- ie Uses Background Stratospheric 
peeomce teen Extinction Coefficients for 
3.52E-4 1. O9E-3 "CLEAR" and Aged Volcanic 
2, 96E-4 8. 60R-4 Maher Coefficients for 
2,42B-4 6,60E-4 


1. SOE-4 
1.50E-4 
3.32E-5 
1.65E-5 
8B. OUE-6 


5, 15E-4 
4, 10E-4 
7.60E-5 
2,45E-5 
8. 00E-6 


4.02E-6 
2. 10E-6 
1.60E-7 
9. 30K-10 


4. 02E-6 
2. 10E-6 
1. 60E-7 
9. 30E-10 


Uses Meteoric Dust Extinction 
Coetficients 
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4. ATMOSPHERIC MODELS 


The atmospheric models used in the LASER computer code have been de- 
scribed by McClatchey et al” and the six standard models of temperature, pres- 
sure, water vapor and ozone distributions as a function of height are included 
here in Table 6. A number of additional gases of importance to the computation 
of molecular absorption have been assumed to be uniformly mixed by volume in 
the atmosphere at the concentrations given in Table 5. If the user of the LASER 
computer code is interested in performing an extinction coefficient calculation 
for an atmospheric model differing from the six models provided as input, he may 
simply substitute an alternative set of input data for any one of the models, being 
careful to use the same units for all quantities. The aerosol models have been 
described in Section 3 and the reader is referred to References 12 ard 13 for a { 


more thorough discussion. 


Table 5. Concentrations of Uniformly Mixed Gases 


Constituent 


Concentration (ppm V) 


330 


0.28 


0.075 


1.6 
2.095 x 10° 


7.808 x 10” 


ee ee 


14. McClatchey, R.A., Fenn, R.W., Selby, J.E.A., Volz, F.E., and Garing, 


Pe ye cd J.S. (1972) Optical Properties of the Atmosphere (Third Edition}, AFCRL- 
; 72-0497, EHP No, 411. 


Table 6. Model Atmospheres Used as a Basis of the Computation of 
Atmospheric Optical Properties 


TROPICAL 
Pressure . Densi Water Vapor Ozon i 
(mb) (g/m?) (g/m?) (g/m) 
0 1.013E+03 300.0 1. 167E+05 1. 9E+01 5. 6E-05 
: 9,040E+02 294.0 1. 064E+03 1. 3E+01 5. 6F-05 
2 8.050E+02 288.0 9. 689E+02 9. 3E+00 5. 4E-05 
3 7, 150E+02 284.0 8. 756E+02 4. 7E+00 5, 1E-05 
4 6.330E+02 277.0 7. 951E+02 2.2E+00 4. 1E-05 
3 5.590E+02 270.0 7. 199E+02 1. 5E+00 4. 5E-05 
6 4.920E+02 264.0 6. 50LE+02 8.5E-01 4, 3-05 
7 4.32 “442 257.0 5. 855E+02 4. 7E-01 4. 1E-05 
8 3.7 2 250. 0 5. 258E+02 2.5E-01 3. 9E-05 
9 B.ducu.02 244.0 4. 708E+02 1.2E-01 3. 9E-05 
10 2.860E+02 237.0 4, 202E+02 5. OE-02 3. 9E-05 
11 2.470E+02 230.6 3. 740E+02 1. 7E-02 4. 1E-05 
12 2.130E+02 224.0 3. 316E+02 6. 0E-03 4.3B-05 | | 
13 1.820E+02 217.0 2. 929E+02 1. 8E-03 4.5E-05 | ; 
14 1.560E+02 210.0 2. 578E+02 1. OE-03 4. 5E-05 f 
15 1.320E+02 204.0 2. 260E+02 7. 6E~04 4. TE-05 
16 1. 110E+02 197.0 1. 972E+02 6. 4E-04 4, 7E-05 ° 
17 9. 370E+01 195, 0 1. 676E+02 5, 6E-04 6. 9E-05 
18 7. 890E+01 199. 0 1. 382E+02 5. OE -04 9. GE-05 
19 6.660E+01 203.0 1. 145F+02 4. 9E-04 1. 4E-04 
20 £.650E+01 207.0 9. 515E+01 4.5E-04 1, 9E-04 
21 4,800E+01 211.0 7. 938E+01 5, 1E-04 2. 4E-04 
ey) 4.090k+01 215.0 6. 645E+01 5, 1E-04 2. BE-04 
23 3.500E+01 217.0 5. 618E+01 5.4E-04 3. 2E-04 
24 3.000E+01 219.0 4.763E+01 6. OF -04 3, 4E-04 
25 2.570E+01 221.0 4. 045E+01 6. 7E-04 3. 4&-04 
30 1.220E+01 232.0 1. 831E+01 3. 6E-04 2. 4-04 ; 
35 6.000F+00 243.0 8. 600E+00 1. 1E-04 9.2E-05 
40 3. 050E+00 254.0 4. 181E+00 4.3E-05 4. 1E-05 ea 
45 1.590E+00 265.0 2. O97E+00 1. 9E-05 1. 3-05 
‘ 50 8.540F-01 270.0 1, 101E+0¢ 6. 3E-06 4.3E-06 : 
70 5.790E-02 219.0 9.210E-02 1. 4E-07 8. 6E-08 : 
100 3.000E-04 210.0 5. OOOE -04 1. OF -09 4 


-3E-11 


Table 6. Model Atmospheres Used as a Basis of the Computation of 
Atmospheric Optical Properties (Cont. ) 


MIDLATITUDE SUMMER 


Ht. Pressure Temp. Densii Water Vapor 
(km) (mb) (kK) (g/m) (g/m3) 
0 1.013E+03 294.0 1, 191E+03 1.4E+01 
1 9. 020E+02 «= 290.0 1. OBOE +03 9. 3E+00 
2 8.020E+02 285.0 9. 7T87E+02 5. S9E+00 
3 17,100E+02 279.0 8. 846E+02 3. 3E+00 
4 6.280E+02 273.0 7. 998E+02 1. 9E+00 
5  5,540E+02 267.0 7. 211E+02 1, 0E+00 
6 4.870E+02 261.0 6. 487E+02 6. 1E-01 
7  4.260E+02 255.0 5. 830E+02 3.1E~01 
8 3.720E+02 248.0 5. 225E+02 2. 1E-01 
9 3.240E+02 242.0 4. 669E+02 1.2E-01 
10 2, 810E+02 235.0 4, 1S9E+02 6. 4E-02 A 
1) 2.430E+02 —-229.0 3. 693E402 2. 2E-02 : 
12-2, 090E+02 «222.0 3, 269E +02 6. 0E-03 : 
13 1.790E+02 2:16. 0 2, 882E+02 1, 8E-03 : 
14 1.$30E+02 216.0 2, 464E+02 1. 0E-03 ; : 
18 1.300E+02 = 216.0 2. 104E+02 7. 6E-04 ( 
16 1. 1L0E+02 216.0 1. 7197E+02 6. 4E-04 2. 4 
17 «9, SOOE#01 216.0 1, 535E+02 5. 8E-04 a j 
8.120E+01 216.0 1, 305E+02 5. OF -04 2. 4 
| 6.950E+01 217.0 1. 110E+02 4. 98-04 3. : 
5. E+01 218.0 9.453E+01 4. 5E~04 3. 4 " 
i 5.1uuE#01 219.0 8. O56E+01 5. 1E-04 3. ‘ 
| 4,370E+01 220.0 6. 872E+01 5. 1E-04 3. j 
|! 3.760E+01 222.0 §, 867E+01 5. 4E-04 3. i 
3.220E+01 223.0 5. 014E+01 6. OE -04 3. j 
2.770E+01 224.0 4. 288E+01 6. 7E-04 3. j | 
i 1.320E+01 234.0 1, 322E+01 3. 6E-04 2. 
: 6.520E+00 245.0 6. 519E+00 1, 1E-04 9. i 
| 3.339E+00 =. 258. 0 3. 330E+00 4. 3E-05 4. é ! 
; 1.760E+00 =. 270.0 1. 757E+00 1. ¥E-05 1. Pa 
| 9.510E-01 276.0 9. 512E-01 6. 3E-06 4, ; 
i 6, 710E-02 218.9 6. T06E - 02 1.4E-07 8. ; 
ie 3.000E-04 210.0 5. 000E-04 1. 0E-09 4. . 
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Table 6. Madel Atmospheres Used as a Basis of the Computation of 
Atmospheric Optical Properties (Cont. ) 


MIDLATITUDE WINTER 


Ht 
(km) 


Pressure 


Densi Water Vapor Ozone 
(mb) (g/m y 3 


(g/m (g/m3) 


Qo 1, O18E+03 272.2 1. 301E+03 3. SE+00 6. OF -05 
1 8. 973E402 268.7 1. 1842E+03 2. SE+00 5.4E-05 
2 7, 897E+02 265.2 1. 0387E+03 ' 1. BE+00 4.9E-05 
3 6. 938E+02 261.7 9. 230E+02 1, 2E+00 4.9E-05 
4 6. 08 1E+G2 255.7 8. 282E+02 6.6E-01 4.9E-05 
5 5. 313E+02 249.7 7.411E+02 3, 8E-01 5. 8E-05 
6 4, 627E+02 243.7 6. 614E+02 2. 1E-01 6.4E-05 
7 4. G16E+02 237.7 5. 886E+02 8. SE-02 7. 7TE+05 
8 3. 473E+02 231.7 5. 222E+02 3. SE-02 §. OE -05 
9 2, 992E +02 225.7 4. 619E+02 1. 6E-02 1, 2E-04 
2. 568E+02 219.7 4. 072E+02 7. 5E-03 1. 6E -04 
2. 199E+02 219.2 3. 496E+02 6. 9E-03 2. 1E-04 
1, 882E+02 218.7 2. 999E+02 6. OE -03 2. 6E-04 
1. 610E+02 218.2 2.572402 1. 8E-03 3. OF -04 
1. 378E+02 21%. 7 2. 20HE+02 1. OE-03 3. 2E+04 
1. 178E +02 217.2 1. 890E+02 7. 6E-04 3. 4E-04 
1. OOTE+02 216.7 1. 620E+02 6.4E-04 3. 6E-04 
8. 610E+01 216.2 1. 388E+02 5. 6E-04 3. 9E-64 
7. 3S0E+01 215.7 1, 188E+02 5. OE -04 4. 1E-04 
6. 280E+01 215.2 ‘1. 017E+02 4. 9E-04 4. 3E-04 
5. 370E+01 215.2 8. 690E+01 4. 5E-04 4.5E-04 
4.580E+01 215.2 7.42 1E+01 5. 1E-04 4. 3E-04 
3,910E+01 215.2 G. 338E+01 5. 1E-04 4. 3E-04 
3. 340E+01 215.2 5. 415E+01 5. 4-04 3. 9E-04 
2. 860E+01 215.2 4. 624E+01 6. 0E-04 3. 6E-04 
2.430E+01 215.2 3. 950E+01 6.7E-04 3. 4E-04 
1, 110E+01 217.4 1. 783E+01 3. 6E-04 1. 9E-04 
5. 180E+00 227.8 7. 824E+00 1. 1E-04 9. 2E-05 
2. 530E+00 243.2 3. 625E+00 4. 3E-05 4, 1E-05 
1. 290E+00 258.5 1. 742E+00 - 1, 9E-05 1. 3E-05 
6, 820E-01 265.7 8. 954E-01 6. 3E-06 4. 3E-06 
4. 670E-02 230.7 7.051% -02 1.4E-07 6. 6E-08 
3, 000E -04 5. Q00E - 04 1. OE-09 
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Table 6. Model Atmospheres Used as a Basis of the Computation of 
Atmospheric Optical Properties (Cont. ) 


SUBARCTIC SUMMER 


Pressure 


Densit Water V. x 
(mb) jd}? 


(g/m ems) 


4) 1.010E+03 287.0 1. 220E+03 9. 1E+00 4. 9E-05 
1 8. 960E+02 282.0 1. 110E+03 6. OE+90 5.4E-05 
3 7, 929E+02 276.0 9. 97 1E+02 4.2E+00 5. 6E-05 
3 7%, OOOE+02 271.0 8. 985E+02 2. 7E+00 5. BE -05 
4 6, 160E+02 286.0 8. O7T7TE+02 1. TE+00 6, OE-05 
5 5.410E+02 260.0 7.244E+02 1. OE +00 6.4E-95 
6 4. 730E+02 253.0 6. 519E+02 5. 4E-01 7. 1E-06 
q 4. 130E+02 246.0 5. 849E+02 2. 9E-01 7. 5E-05 
8 3. 580E+02 238.0 5.231E+02 1. 3E-02 7.8E-05 
9 3. 1O7E+02 232.0 4. 663E+02 4. 2E-92 1. 1-04 
10 2.877E+02 225.0 4. 142E+02 1, 5E-02 1. 8E-04 
ll 2. 300E+02 225.0 $. 559E+02 9. 4E-03 1. 8E-04 
12 1. 977E+02 225.0 3. 059E+02 6. OE-03 2. 1E-04 
13 1, 700 +02 225.0 2.630B+02 i. SE-03 3. SE -04 
14 1. 460E+02 225.0 2.260E+02 1, OE~-03 2.8E-04 
15 1. 250E+02 225.0 1, 943E+02 7. 8SE-04 5. 2E-04 
16 1, 080E+02 225.0 1. 67 1E+02 6. 4E~04 3. 4E-04 
1? 9. 380E+01 225.0 1. 436E+02 5. 6E-04 3. 9B -04 
18 7, 980E+01 225.0 1. 235E+02 5.0E-04 4. 1E-04 
19 6. 860E+01 225.0 1. 062E+02 4. 9E-04 4.1E-04 
20 5. 890E+01 225.0 9. 128E+01 4. 5E-04 8. 9E-04 
21 5. OT0E+01 425.0 7. B49E+01 5. 1E-04 3. 8E-04 
22 4. 360E+01 225.0 6. 750E+01 5, LE-04 3,2E-04 
43 §. T50E+01 225.0 5. 605E+01 5. 4E-04 3. OE -04 
24 3. 227E+01 226.0 4. 063E+01 6. OF -04 2.8E-04 
25 2. 7B0E+01 228.0 4, 247E+01 6, 7E-04 2.6E-04 
30 1. 340E+01 235.0 1. 336E+01 3. 6E-04 1,4E-04 
35 6. 610E+00 247.0 6. 614E+00 1, 1E-04 9,.3E-05 
40 3. 400E+00 262.0 3. 404E+00 4,3E~-05 4. 1E-05 
45 1. 810E+00 274.0 1, 817E+00 1. 9E-05 1. 3E-05 
50 8. 870E-01 277.0 9. 868E-01 6. 3E-C6 4. 3E-06 
70 1. OTOE -02 216.0 7, 071E-02 1.4E-07 8. 6E-08 


3. OOOE - 04 210.0 5. OOOE-04 1. OE -09 4.3E-11 
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Table 6. Model Atmospheres Used as a Basis of the Computation of 
Atmospheric Optical Properties (Cont. ) 


SUBARCTIC WINTER 


Pressure Temp. Densit Water Vapor Ozone 
(mb) kK) (g/m5)} (g/m3) (g/m3) 


0 1. 013E+03 257.1 1. 372E+03 1, 2E+00 4.1E-05 
1 8. 878E+02 259.1 1, 193E+03 1. 2E+00 4. 1E-05 
2 7. TISE+02 255.9 i, OS8E+03 9.4E-O1 4. 1h-05 
3 6. 7T98E+02 262.7 9, 366E+02 6. 8BE-O1 4, 3-05 
4 5. 932E+02 247.7 B. 339E+02 4.1E-01 4, SE-05 
5 5. 1S8E+02 240.9 7,457E+02 2.0E-0) 4.7 -05 
6 4.467TE+02 234.1 6. 646E+402 9. BE -02 4,.9F-05 
qT 3. 853E+02 227.3 5. 904E+02 5.4E-02 7. 1-08 
8 3. 308E+02 220.6 5, 226E+02 1. 1E~02 9. OF -05 
9 2. 829E+02 217.2 4.538E+02 8. 4E-03 1. 6F-04 
10 2.418E+02 217.2 3. 879E+02 5. 5E-03 2.41 -04 
11 2. O67E+02 217.2 3, 31SE+02 3. 8E~03 3.2E-04 
iz 1. 76E€F +02 217.2 2, 834E+02 2. 6E-03 4. 3E-04 
13 1, 510E+02 217.2 2.422E+02 1. BE-03 4. 7E-04 
14 1.291E+02 217.2 2, 071E+02 1. O0E-03 4. 9E-04 
1s ‘ 1, 103E+02 217.2 1. 770E+02 7.6E-04 5. 6E-04 
16 9.431E+01 216.6 1. SITE+02 6.4E-04 6.2E-04 
17 8. 058E+01 216.0 1. 300E+02 5. 6E-G64 6. 2E-04 
18 6, 882E+01 215.4 1. 113E +402 5. 0E-04 6.2E-04 
19 5. 875E+01 214.8 9. S29E+01 4. 9E-04 6. OF -04 
20 5. 014E+01 214.1 8. 155%+01 4.5E-04 5. 6E-04 
4.277E+01 213.6 6. 9T6E+01 5. 1E-04 5. 1E-04 

3. 647E+01 213.0 5. 966E+01 5. 1E-04 4.7E-04 

3. 109E+01 212.4 5. 100E+01 9, 4E-04 4.3E-04 
2.649E+01 211.8 4. 353E+01 6. OE -04 3. 6E-04 

2. 256E+01 211.2 3. 722E+01 6. 7E-04 3.2E-04 

1. O20E+01 216.0 1. 645E+01 3. 6E-04 1. 5E-04 

4. 701E+00 222.2 7. 36BE+00 1. 1E-04 9. 2E-05 

2, 243E+00 234.7 3. 330E+00 4, 3E-05 4. 1E-05 

1. 113E+00 247.0 1. 568E+00 1.9E-05 1. 3E-05 
5.719E-91 259.3 7.682E-01 6. 3E-06 4. JE~-06 

4. 0i6E-02 245.7 5. 695E-02 1.4E-07 8. 6E-08 


3. OOOH -04 216.0 5. OOOE-04 1. 0OE-09 
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Model Atmospheres Used as a Basis of the Compuiation of 
Atmospheric Optical Properties (Cont. ) 


Pressure 


1 


(mb) 


. 913E+03 
8. 
7. 
7, 
6. 


986E+02 
950E+02 
012E+02 
16SE+02 


5. 405E+02 


4 


4, 


3 


3. 


2. 


2 


1; 
1, 


1 


1. 
1. 
8. 


7 


6. 
5. 
4, 
4. 
3. 
2. 
2. 
1. 
5. 


. 122E+02 
111B+02 
. 565E+02 
080E+02 
650E+02 
, 2TOB+02 
940E+02 
658E+02 
. 417 E+02 
211E+02 
035E+02 
850E+01 
. S65E+01 
467E+01 
S29E+01 
T29E+01 
0476401 
467E+01 
972E+01 
§49E+01 
197E+01 
746E+00 


2, 871E+00 
1, 4915+00 
7. 9T8E-01 
5, 520E-02 
3, OOSE-04 


ULS.. STANDARD ATMOSPHERE, 1962 | 


apa 


Temp. 
CK) 
288. 1 
281.6 
275. 1 
268.7 
262. 2 
255.7 
249.2 
242.7 
236. 2 
229.7% 
223, 2 
216,8 
216.6 
216, 6 
216.6 
216.6 
216,6 
216, 6 
216.6 
216,6 
216.6 
217.6 
218.6 
219,6 
220, 6 
221,6 
226.5 
236, 5 
250, 4 
264. 2 
270, 6 
219, 7 
210. 0 


Densi: 
(g/m) 
1, 225E+03 
1. 1LLE+03 
4. QO7TE+03 
9, 093E+02 
8, 193E+02 
1. 364E+02 
6. 6015402 
5, 900E+02 
5. 258E+02 
4, 671E402 
4, 135E+02 
8, 648E+02 
3. 118E+02 
2. 666E+02 
2, 279E+02 
1, 948E+62 
1. 665E+02 
1, 423402 
1, 216E+02 
1, 040E+02 
8, 891E+01 
7, ST2E+01 
6, 451E+01 
5, 500E+01 
4. 694E+01 
4, OOSE+01 
1, 841E+01 
8, 463E+00 
3, 996E+00 
1, 9665400 
1, 027E+00 
8. 754E-02 
4. 9B9E-04 
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Water V, Vapor 
(g/m 
5, 9E+00 
4. 2E+00 
2, 9E+00 
1. 8E+00 
¥, 12400 
6. 4-01 
3. 8E-01 
2. L1E-01 
1, 2E-91 
4, 6E-02 
1, 8E-02 
8. 2E-93 
3. TE-03 
1, 8E-03 
3. 4E-04 
7, 2E-04 
6, 18-04 
5, 2E-04 
4. 46-04 
4, 4E-04 
4, 4E-04 
4. 8E-04 
5, 2E-04 
5, TE-04 
6, 1E-04 
6. 6E-04 
3, 8E-04 
1. 6E-04 
6. TE-08 
3. 2E-05 
1, 2E-05 
1, 5E-07 
1, OE-09 


8, 4-05 
5. 4-06 
5. 430-05 
5, 01-05 
4, 6-05 
4, SE-05. 
4, SE-05 
4, 8E~Q5 
5, 2E-05 
7, 1E-05 
9, OB-05 
1, 3E-04 
1, BE-04 
1, TE-04 
1, 9-04 
2. 1-04 
2, 375-04 
é. &N-94 
3. 21-04 
3. 51:-04 
3, 8-04 
3. 8E-04 
3. 9E-04 
3. 8E-04 
3. 6E-04 
3, 4E-04 
2. OF-04 
1, 1E-04 
4. )E-05 
1, 7E-05 
4, 0-06 
8, G-08 
4, 3i- 11 
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5. COMPUTATIONAL TECHNIQUES FOR MOLECULAR ABSORPTION 


A Lorentz line profile as given in Eq. (4) was assumed for each line in the 
lower atmosphere except as modified (see Section 2) for carbon dioxide lines. 


Sa 


ks (4) 
aly - vo) +a°] 


In Eq, (4), S is the line intensity, @ is the half-width, v, the central line frequency, 
and v the laser frequency. For pressures less than 10 mab a Voigt profile!® ig i 
used in the calculations. The laser frequency (v) is assumed monochromatic for 
the purposes of this calculation, In general, a large number of absorption lines 
belonging to different molecules contribute to the attenuation at any specific laser 
frequency, so the total absorption coefficient must be evaluated as indicated by 


Eq. (5) 


§,, a .m, 
ei N j ae 
k= 2 > JA (5) 
j i aly mat > me 


where m, represents the amount of the j@ 


over all lines belonging to the same molecular specie and m, is the molecular 
abundance of the jh molecular species per kilometer. 


absorbing gas and where i is an index 


Pressure broadening enters through the a values, the Lorentz line width 
being given hy a =a, P/ Py T,/ T, The line intensity (S) is also temperature 
dependent through the population of the lower state of the transition and through 
the partition functions. These temperature and pressure effects have been included 
for all lines. As indicated in Section 2, the LASER program considers all line 
wings within 20 cm 1 of the laser frequency in question as contributing to the 
absorption coefficient and all lines outside of this 20 om™} limit are omitted in 
the calculation. 

The extinction due to molecular scattering, aerosol absorption and aerosol 
scattering are separately computed and tabulated in the output frem LASER. The 
total extinction coefficient for a given path can then be obtained by summing these 
four components as indicated in Eq. (1). The transmission for a horizontal path 
is then given by Eq. (6) where 7 is the transmission and R is the range in 
kilometers 


15. Young, C. (1965) J. Quant. Spectrosc. Radiative Transfer 5:549, 
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tiv) = expl-y@) R] . (6) 


6 RESULTS 


The results we wish to describe here fall into three categories: (1) The 
LASER Computer Code which will be described and documented in Appendix A; 
(2) Extinction Coefficients for a number ox specific laser frequencies generated 
with the LASER computer program (see Appendix B); and (3) High resvlution 
spectral plots covering the regions between 740 and 1400 em”) (7. 1 and 13.5 um), 
1880 and 2180 em™! (4,6 and 5,3 um) and 2360 and 2960 em”! (3.4 and 4.2 um) 
which are given in Appendix C, We have provided spectra in Appendix C covering 
the regions of laser emission by CO,, Co, and DF. We wish to emphasize dif- 
ferences in the continuum model for water vapor in both the 8 to 14-4#m region 
(740 to 1400 om!) and the 3.5 to 4.2-4m regions (2360 to 3020 cm!) ag well as 
some modifications of individual line parameters primarily in the 3.5 to 4.2 um 
region. These “infinite' resolution spectra have been generated by perfor-ning 
monochromatic calculations at stcps of 0.01 em? over the entire range of fre- 
quency of each plot, Such gpectral plots can be generated with the computer pro- 
gram provided in Reference 1 and the AFGL Atmospheric Line Parameters Com- 
pilation discussed in Section 1 of this report. Figure C1 provides spectra for a 
10-km horizontal path at sea level and Figure C2 provides spectra for a 10-km 
horizontal path at an altitude of 12 km. 

Table 7 contains a detailed list of all laser frequencies for which extinction 
coefficients were provided in an earlier report. 2 Based on our more up-to-date 
absorption modeling, we have included revised molecular absorption coefficients 
in Table 7, containing contributions from both discrete lines and molecular con- 
tinuum absorption for three of the model atmospheres described in Table 5 at 
sea level (Tropicai, U.S. Standard, and Subarctic Winter) and for the 11 to 12-km 
altitude layer (only for the U.S. Standard Atmosphere). 

A comparison of Table 7 with a similar table in Reference 5 indicates the 
following: (1) Somewhat lower absorption coefficients for most of the CO, emis~ 
sion lines. This is principally due to the modifications made to the water vapor 
continuum absorption. Occasionally, a line (such as the P40 line of CO,) shows 
a drastic increase due to an error made in the earlier report. (2) The DF laser 
emiasion region shows a significant increase principally due to the inclusion of 
the water vapor continuum - absorption by the water vapor continuum was omitted 
in thie spectral region in the earlier calculations. Occasionally the changes differ 
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Table 7. Attenuation Coefficients for Laser Frequencies 
cO, Laser Parameters Atmospheric are Coefficients . 
ete rile 
9001) -r 1000) Height ~ 0 km (Sea Level) Height = 17-12 km 
-1 
Rot. 1D vem). ‘trop. Kys, std. — Ssw Ky .s, Std. 
*pd0 924.975 3.95 1.09 0.150 0.00150 
P38 927.009 0.423 0.0718 0.0121 0.00108 
P36 929.018 0.698 0.128 0.0163 0.00149 
pad 931.002 0.428 0.0807 0.0164 0.00203 
P32 932.961 0.432 0.0856 0.0190 0,00273 
P39 934.895 0.442 0.0926 0.0220 0.00344 
P28 936.805 0.445 0.0991 0.0255 0.00431 
P26 938.689 0.449 0.105 0.0287 0.00533 
P24 940.549 0.458 0.111 0.0320 0.00632 
*P22 942.384 0.460 0.116 0.0353 0.00741 
*P20 944.195 0.480 0.125 0.0386 0.90838 
*P18 945.981 0.468 0.124 0.398 0.00905 
*P16 947.743 0.523 0.138 0.0426 0.00968 
Pl4 949.480 0.467 0,124 0.0409 0.00982 
P12 951.193 0.450 0.118 0.0392 0.00970 
- P10 952.882 0.450 0.113 0.0364 0.00900 
pg 954.546 0.437 0.104 0.0321 0.00786 
PE 956.186 Q.A17 0.0917 0.0266 0.00640 
P4 957 .802 0.391 0,0766 0.0198 0.00448 
*P2 959,393 0.432 0,0742 0.9133 0.00235 
RO 961.734 0.386 0.0597 0.00897 0.00117 
R2 963.264 0.375 0.0689 0.0163 0.00349 
| R4 964.770 0.373 0.0830 0.0234 0.00560 
R6 966.251 0.427 0.100 0.0304 0.00752 
| RB 967.708 0.424 9.108 0.0357 0.00908 
R10 969,14) 0.430 0.116 0.0396 0.0101 
| R12 970.548 0.536 G.141 0.0436 6.0107 
R14 971.931 0.473 0.132 0.0443 0.0108 
4 *RIG 973.289 0.523 9.144 0.0454 0.0106 
\ *R18 974,623 0.452 0.129 0.0432 0.0100 
| *R20 975.931 1.32 0.329 0.0602 .0.00906 
I *R22 977.215 0.582 0.147 0.0407 0.90805 
R24 978.473 0.425 0.111 0.0239 0,00687 
R26 979.706 9.409 0.103 G.0301 0.00578 ‘ 
R28 980.919 0.402 0.0966 0.0266 0.00476 ? 
R30 982.097 9.485 0.115 9.0261 6.00380 xt >. 
R32 983.253 0.380 0.0817 0.0196 0.00323 J 
R34 984.384 0.392 0.0796 0.0169 0.00231 
i R36 985.489 0.360 0.0684 0.0138 0.00177 5 
R38 986.568 0.352 0.0633 0.0117 0.00128 
R40 987.621 0,345 09,0590 0.0101 0.00109 


gool) + 10002 


” 
2 


0588 0.0364 \ 


‘ *P20 1046. 854 0.409 0.142 60 
: *P 1B 1048.661 0.430 0.152 0.0650 0.0672 5 
: *P16 1050,441 0.452 0.164 0.0735 0,0647 be 
i § *RI6 1075. 988 0.473 Q. 162 0.0614 0.0168 wk 
*RIS 1077 .303 0.403 9.144 0.0581 0.0159 
; *R20 1078.591 0.400 0.139 0.0546 0,015) 
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DF Laser Parameter 


Rot. 


Pl 
P2 
P3 
P4 
P5 
°6 
P7 
*P8 
P9 
*P10 
Pit 
P12 
P13 
P14 
P15 
P16 
P3 
P4 
P5 
*PS 
P7 
*P8 
Pg 
*P10 
Pil 
P12 
P13 
P16 
P3 
P4 
PS 
P6 
P7 
*P8 
P9 
*P10 
Pll 
Pl2 
P13 
P14 
P5 
P6 
P7 
*PB 
P9 
*P10 
P7 
PS 
*P10 
Py 
Pl2 


a 


Table 7. Attenuation Coefficients for Laser Frequencies (Cont. ) 


Atmospheric Absorption Coefficients 


km7 
Height - 0 km (Sea Level) 
we y(cm!) Kerop. Ky.s. Std. Kew ‘ 

2884 .934 0.123 0.0612 0.0374 
2862.652 0.0617 0.0320 C.0156 
2839.779 0.0695 0.0225 4.732-3 
2816.362 0.0688 0.0215 5.19E-3 
2792 .437 0.0927 0.0302 9.48E-3 
2767.914 G.119 0.0410 0.0159 
2743.028 0,0449 0.0160 7.Q0E-3 
2717 .536 0.227 0.0682 0.0162 
2691.409 0.0504 0.0189 9.45E-3 
2665.20 0.0611 0.0245 0.0143 
2638. 396 0.53] 0.164 0.0383 
2611.125 0.0347 0.0127 5.83£-3 
2584.91 0.0445 0.0219 0.0156 
2557.09 0.0477 0.0309 0.0280 
2527.06 0.0426 0.0241 0.0195 
2498.02 0.0602 0.0375 0.0330 
2750.05 0.0710 0.0245 0.00954 
2727.38 0.0663 0.0219 0.00747 
2703.98 0.0408 0.0140 0.00562 
2680.28 0.114 0.0391 0.0150 
2655.97 0.106 0.0378 0.0167 
2631.09 0.0382 0.0156 0.00947 
2605.87 0.0820 0.0268 0.00924 
2580.16 0.0560 0.0373 0.0346 
2553.97 0.0419 0.0256 0.0232 
2527.47 0.0426 0.0247 0.0206 
2500.32 0.0553 0.0360 0.0327 
2417.27 0.125 0.0990 0.0994 
2662.17 0.0611 0.0208 0.00773 
2640.04 0.0866 0.0301 0.0109 
2617.41 0.0316 0.0119 - 0.00592 
2594, 23 0.0458 Q.0179 0.00904 
2570.51 0.0733 0.0510 0.0510 
2046.37 0.0611 0.0432 0.0420 
2521.8) 0.0432 0.0248 0.0204 
2496.61 6.0631 0.0391 0.0342 
2471.34 0.0866 0.0596 0.0557 
2445.29 0.106 0.0820 0.0806 
2419.02 0.124 0.0975 0.0978 
2392.46 0.194 0.149 0.125 
2532.50 G.0414 0.0228 0.0181 
2509.86 0.0490 0.0302 0.0261 
2486.83 0.0652 0.0440 0.0406 
2463.25 0.108 0.0695 0.0624 
2439.29 0.110 0.086 0.085 
2414.89 0.128 0.107 0.102 
2404.63 6.135 0.106 0.106 
2222.68 0.344 0.327 0.299 
2177.99 0.0874 0.0738 0.0599 
2155.03 0.220 0.0677 2 0.0254 
2131.68 0.290 0.180 0.175 
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Table 7. Attenuation Coefficients for Laser Frequencies (Cont. ) 


OF Laser Parameter (Cont. ) 


Rot. ID v(em™!) 
P7 2165.93 
P8 2144.80 
PQ 2123.24 

*P10 2101.27 
P12 2056.14 
P13 2033.01 
P6 2108.48 
P7 2088.34 
PS 2067.76 

*P10 2025.36 
Pl] 2003.56 
Pl2 1981.38 


HF Laser Parameter 


Rot. 1d v(em™!} 
PII 3436.12 
Pl2 3381 .50 

*P8 3435.17 
P6 3373.46 
P8 3130.09 
P9 3083.83 
P4 3150.67 

*P6 2921.74 

*P7 2880.70 
P8 2838.59 


Atmospheric Absorption 
km=!) 


Height - 0 km (Sea Level) 


Ktrop. Ku.s. Std. Kew 
0.0626 0.0423 0.0408 
1.55 0.377 0.0399 
0.259 0.0698 0.0190 
0.172 0.0584 0.0225 
0.144 0.0449 0.0192 
0.190 0.0472 0.00617 
0.0686 0.0229 0.00897 
0.562 0.140 0.0210 
0.932 0.262 0.0768 
0.855 0.209 | 0.0277 
0.441 0.111 0.0148 
0.623 0.149 0.0187 


Atmospheric Absorption 
(kin71) 


Height ~ 0 km (Sea Level) 


Coefficients 


Height = 11-12 km 


Coefficients 


Height = 11-12 km 


Kerop. Ky.s, Std, Kw Ku.s. Std. 
1.74 0.401 0.0449 0.00033 
0.512 0.139 0.0237 0.00033 
0.987 0.265 0.0400 0.00094 
0.354 0.0952 0.0169 0.00091 

0.698 0.212 0.0508 0.00025 
1.14 0.356 0.0862 000153 
0.289 0.0837 0.0167 0.00004 
0.0231 0.00738  —-0.00300 0.000121 
0.0176 0,00494 0000889 1,0E-6 

0.323 0.0983 0.0190 0.000037 


Band 
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Table 7. Attenuation Coefficients for Laser Frequencies (Cont. ) 


Atmospheric Absorption Coefficients 


(km=1 ) 
CO_Laser Parameters Height - 0 km (Sea Level) Height = 13-12 km 
-] 

Rp wien Kerop. Kus. Std. Kw Kus. Std, 
b2 2135, 549 0.743 0.278 0.168 1,.87E-1 
*P14 2086. 325 0.465 0.244 0.170 1.32£~1 
P17 2073. 267 6.703 0.257 0.108 5 ,00E-2 
P18 2068. 849 0.329 0.159 0.106 3, 656-2 
P21 2055. 402 0.173 0.108 0.0874 1. 23E -2 
P22 2050. 856 0.184 0.0813 0.0465 6.71E-3 
P25 2037 .027 0.520 0.148 0.0344 1.82E-3 
P26 2032354 0.221 0.0665 0.0158 9886-4 
P27 2027 .651 0.853 0.245 0.0488 9.82E-4 
P30 2013, 353 0.603 0.158 0.0235 &.86E~5 
P] 2112.977 0.120 0.0324 0.00766 4.68E-4 
p2 2109. 132 0.0695 0.0314 0.0183 6, 95E-3 
P3 2105. 256 0.131 6.0408 0.0113 2.73E-3 
Pa 2101342 0.144 0.0448 0.0142 3.76E-3 
P7 2089. 393 1.95 0.480 0.0601 4,81£-3 
PB 2085. 343 0.232 0.0716 0.0303 2,57E-3 
P9 2081. 258 0.189 0.0551 0.0185 1, 14E-3 
Pli 2072. 987 0.421 0.129 0.0353 1,94E-3 
Pl2 2068. 802 0.295 0.125 0.0753 5 .21E~3 
*P15 2056 .046 0.193 0.0526 0.0171 6.51E-4 
P16 2051.729 1.42 0.317 0.0375 9, 256-4 
P17 2047.379 0.457 0.161 0.0715 2.63E-3 
px9 2038. 582 0.450 0.123 0.0242 2.92E-4 
P2] 2029656 0.195 0.0521 0.00853 3,25E-5 
P22 2025.145 0.650 0.166 0.0237 3.02E-5 
P25 2011423 0.498 0.130 0.0184 1.45E-5 
P26 2006. 786 0.977 0.249 0.0332 1,90E-5 
P27, 2002118 0.357 0.0968 0.0159 1,29E-5 
P28 1997.419 1.07 0.297 0.0519 4.07E-5 
PI 2086594 0.474 0.122 0.0246 2.20E~3 
p2 2082. 784 0.128 0.0372 0.0110 8.42E-4 
P3 2078.940 0.778 0.270 0.116 3.72E-2 
P4 2075. 061 0.388 0.110 0.0249 3.47£-3 
P5 2071.148 0.148 0.0449 0.0157 $.87E~4 
P6 2067.200 0.816 0,232 0,0629 2.50E-3 
P7 2063.218 0.968 0.274 0.0723 2.45E-3 
P8 2059. 203 0.641 0.182 0.0423 9.16E~4 
P10 2951,071 0.425 0.123 0.0263 6.10E-4 
PIT 2046.954 1.07 0.264 0.0358 2.34E-4 
Pl2 2042.804 1.80 0.489 0.0903 8.93E~-4 
P13 2038.621 0.452 0.123 v.0215 2.48E-4 
P14 2034.405 VW 0.259 0.6255 3.24E-5 
*P15 2030. 157 0.440 0.111 0.0144 1.64E-5 
P16 2025.875 1.33 0.349 0,0539 6 .55E-5 
P17 2021.561 0.897 0.227 0.0307 8,00E-5 
P19 2012.835 0.693 0.184 0.0262 2.75E-5 
P20 2008.424 1.99 0.511 0.0704 4.18E-5 
P2] 2003.981 0.360 0.0921 0,0137 1.46E-4 
P25 1985.89] 1,38 0.368 0.0550 3,32E-5 
P26 1981.290 1.12 0.244 0.0241 1.18E-5 
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Table 7, Attenuation Coefficients for Laser Frequencies (Cont. ) 


Atmospheric wae ak Coefficients 


(kin7 
CO Laser Parameters (Cont. ) Height - 0 km (Sea Level) Height = 11-12 km 
-] : i j 
Band, Bot 10 oicn’.) Ntrop. KU.S. Std. Kew Ky .s. Std. 

3-2 P27 1976.658 1,26 0.36. 0.0735 8.21E-5 

P28 1971.995 0.709 0.192 0.0310 4.77E-5 

P30 1962,577 1.57 0.428 0.0630 5§.50E-5 

4-3 P2 2056. 506 0.177 0.105 0.0891 4.73E-3 

P3 2052.697 0.144 0.0443 0,0154 4,.56E-4 

P4 2048 .853 0.358 0.119 0.0521 1.92E-3 

P5 2044.975 0.907 0.250 0.0444 2.17E-4 

P7 2037.116 0.666 0.178 0.0356 §, 136-3 

P8 2033.135 0.215 0.0529 6.75E-3 T.51E-5 

P9 2029.121 0.206 0.0563 0.0101 8.78E-5 

P10 2025.074 0.599 0.155 G.0229 6.88E-5 

Pll 2020,993 1.01 0,260 0.0359 3,06E~5 

P13 2012.731 0.691 0.185 0.0262 3.66E~5 

P14 2008. 550 1.69 0.441 0.0636 5.12E-5 

*P15 2004 .337 0,362 0.0915 0.0126 1.73E-5 

P17 1995.812 1.32 0.351 0.0545 3.56E~5 

P20 1982.783 0.759 0.205 0.0304 2.71E-5 

P21 1978.375 0.323 0.0878 0.0146 3.05E~5 

P22 1973, 936 0.444 0.121 0.0196 1.53E-5 

5-4 P2 2030.297 0.414 0,104 0.0135 1,89£-5 

P6 2014.993 1.96 0,509 0.0731 1.46E€-4 

*P7 2011.082 0.589 0.154 0.0220 1,54E-5 

P3 2007 .127 2.08 0,528 0.0696 1.78E-4 

P9 2003.158 0.449 0.114 0.0156 1,06E-5 

PT 1995. 100 1.90 0.504 0.0778 5.16E-5 

*P14 1982,764 0.784 0.213 0.0311 4.00E-5 

*PTS 1978, 586 0.309 0.0836 0.0136 1.67E-5 

*P16 1974.376 0.461 0.125 0.0201 1.52E~5 

P21 1952. 238 1,04 0.284 0.0474 4.43E-5 

P25 1935,035 1,50 0.408 0.0720 1.72E-3 

P26 1930. 506 1.37 0.373 0.0610 7.10E-5 

6-5 P2 2004.155 0.820 0.187 0.0179 5046-5 

P3 2000.415 0.892 0.249 0.0447 3.69E=-5 

P4 1996.64) 1.22 0.316 0.0475 5, O/7E-5 

P7 1985.115 0.835 0.221 0.0331 2.73E~5 

P8 1981.205 2.30 0.481 0.0369 1.52E-5 

P9 1977.26] 0.516 0.143 0.0252 2,11E-5 

P10 1973. 284 0,502 0.136 0.0218 2.31E~5 

*PI15 1952.901 1.06 0.290 0.0482 4,29F-5 
P19 1936 .007 1.42 0.386 0.0643 1.20F-4 ' 

7-6 P3 1974.409 0.453 0.123 0.0200 1,49E-5 
P4 1970.670 1,30 0.348 0.0543 3.77E-5 ! ae 
P6 1963.089 1.41 0.381 0.0609 4.75E-5 

P7 1959,247 1.09 0.295 0.0482 4,97E-5 

-PY4 1931.380 1,51 0.407 0.0664 T.19E-4 
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from a constant offset and appear more erratic. Such variations are due to some 
modified absorption line data and are exemplified by the P10 line of the 7-6 vibra- 
1 which has actually decreased by about 
(3) Changes in 


tional transition located at 2177.99 cm 
50 percent despite the inclusion of the water vapor continuum. 
absorption coefficients in the HF and CO emission region result principally from 
changes in the molecular absorption line parameters. 

Laser emission frequencies identified with en asterisk in Table 7 have been 
used as input to the LASER program and charts of the four extinction coefficients 
identified in Eq. (1) have been included in Appendix B. The determination of 
which charts to include in Appendix B and which to omit was based on the follow- 
ing: (1) In view of the capability for the user to use the LASER program for his 


own purposes, it seemed unreasonable to include charts for all previously published 


laser frequencies, even though revisions can be made io all previously published 
results; (2) charts are included for several lines which the authors have found to 


be of great current interest; (3) charts are included for a few laser frequencies 


where previously published results are felt to be in gross error. 
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Appendix A 


The LASER Computer P rogram 


A general flow chart for LASER is given in Figure Al which shows the basic 
routines of the computer program. More detailed flow charts are given in Fig- 
ures A2, A3, and A4 for the main program (LASER) and the subroutines ATMOS 
and CONT, respectively. The main program reads in the atmospheric models and 
all other data. The basic molecular absorption coefficient due to discrete absorp- 
tion lines is performed in subroutine ATMOS. Subroutine CONT adds in the 
various sources of continuous extinction: Molecular scattering, molecular absorp- 
tion continua, aerosol absorption and scattering effects. There are no flow charts 
provided for either the RDTAPE or VOIGT subroutines. The RDTAPE subroutine 
simply reads the AFGL Atmospheric Absorption Line Parameters Tape and places 
in storage the molecular absorption line data pertinent to the laser emission fre- 
quencies and atmospheric path defined as input. The VOIGT subroutine computes 
a combined Doppler-Lorentz line shape when the atmospheric pressure is between 
10 mb and 0.1 mb. The VOIGT subroutine has been taken from the work of Young? 
where a complete description of the mathematics used in the computer routine can 
be obtained. 

Following the computer flow charts, we have provided a complete listing of 
the LASER computer program, together with all required input data. If the user 
desires an extinction coefficient chart similar to those provided in Appendix B, 
he need only add a single card to the data deck corresponding to the READ state- 
ment at Line A 187 in the main program (PROGRAM LASER). This card must have 


5 


43 


RNa mae oe ne 


on ie Raia bA Aiaae I aE 


he ok 


ren 


AT ata. 


the frequency (in cm” 1) and the BOUND value (corresponding to the maximum fre- 
quency spwead from an absorption line center that its contribution will be consid- 
ered) according to the FORMAT (2F10.3). The following is an example of the 
input dava required on this card to generate the laser extinction coefficient chart 


1 


corresponding to the laser emission frequency, 924.975 cm” in Appendix 8; 


**K ODE, OFTH*#**2O, 000 


If the Bound value is not specified, a default option in the LASER program 
will set it equal to 20. 00. 

If the user of the LASER Program wishes to insert an atmospheric model that 
differs from the six models available as standard input, it is necessary to sub- 
stitute his data (or model) for one of the standard models in the same format, 
with quantities provided in the:same units as indicated in Table 5, and with the 
same number of atmospheric levels used to describe the model. The easiest way 
to insert an alternative model is to maintain consistency with the height structure 
indicated in the models of Table 5. That is, temperature, pressure, water vapor 
and ozone data should be inserted for the same 33 altitude levels defined in 
Table 5. Although a complete 33-level model should always be defined, it is 
appropriate to substitute data for any one or more levels in one of the models, 
in order to obtain results for a problem where a more limited set of atmospheric 
data is available. If the user intends to deviate further from the form of these 
models, it will be necessary to perform additional modifications to the computer 
program. 

Due to the smali variations in molecular scattering coefficients among the six 
standard atmospheric models, we have only provided these results for the U.S. 
Standard Atmosphere. If the user desires moiecular scattering coefficient results 
for any other model, he need simply interchange the desired atmospheric model 
to the position of the sixth model. 

A definition of all variables used in program LASER is contained in the com- 
puter listing. Copious comment cards have been used throughout in an effort to 
provide for the user the required detailed understanding of the physics and the 
flow of logic in the program. 
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General Flow Chart for LASER Program 
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Figure Al. 


PROGRAM LASER 
(Main Program) 


CALL PRNT 


Read 
Atmospheric Models 


5 Calc 
Absorber Concentration 
for Each Molecular Species 


Read 
Aerosol Models 


Invert Aerosol 
Data Array 


Read 
FREQ and BOUND 


—No ——~{ CALL EXIT | 


Yes 
CALL ATMOS 


Figure A2. Detailed Flow Chart for LASER Program 
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SUBROUTINE ATMOS 


CALL RDTAPE 
Select Model Atmos. 


D0 18 K = 1,1TP 
Atmospheric Layer 
Loop 


Calc 
Rotational Partition 
Temperature Denendence 
Correction 


00 17 I = 1,11 
Absorption Line Loop 


Doppler «0.1 mb 
Broadening 


appa alan eked at 
Base. Mt 


J Pni Cabs ied 


All 
Models 
Processed 


~< 
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mn 
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Output Results bg 


ad [RETURN | 


Figure A3. Detailed Flow Chart for Subroutine ATMOS 
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SUBROUTINE CONT 


Select Model Atmos. 


D017 K = 1,ITP- 
Atmospheric Layer. 
Loop 


Calc 
Rayleigh Scattering 


V< 400 
V> 2800 


1250<V< 2000 


2350<V< 2800 
3.5 - 4.2 Micron 
H0 Continuum 


2000 < V< 2350 


400< V < 1250 
No Continuum 


8-14 Micren 


20 Continuum 


No Continuum 


No 


Processed 


Figure A4. Detailed Flow Chart for CONT Subroutine 
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SUBROUTINE CONT 
(Contd) 


; Calc 
Vertical Aerosol 
Scaling Factor 


30<2<100 9< 2<30 2€1<9 0<z<2 
Meteori¢ Dust Clear Tropospheric Rura} 
Background 
Stratospheric : 
Hazy i 


Aged Volcanic 


so cebiehee Hee 


ring oo 


Alternate Boundary 
Layer Aerosol 
Models 


AT ape tae 1B Ria at be MAS Oe eet terete 


RETURN 


Figure A4. Detailed Flow Chart for CONT Subroutine (Contd) 
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PROGRAM LASFRCINPUT,OUTPUT, TAPES) 
C LASER CALCULATES ATMOSPHERIC TRANSPITTANSE THROUGH ATHCSPHERE WETH ITP 
C LEVELS AND PRINTS OUT WALUES FROM LOWEST PRESSURE TO FACH LEVEL. 


A 

AAR 
ALFAG 
ANL 
ARSMOOL 
ASC 
ATMOOL 
BOUND 


CAS 


INPUT DATA FOR VOIGT SUBRCUTINE 

AEROSOL ABSORPTION COEFFICIENT = IN°UT DATA 

LING HALF WIOTH 

HEIGHT INCSFMENE = ITAPUT DATA 

AEROSOL MODEL - INPUT DATA 

AEROSOL SCATTERING CCEFFICIENT =~ INPUT DATA 
ATMOS@CHERIC MONEL ~ INPUT DATA 

LIMIT YUTSIDE OF WHICH LINF CONTRIGSUTIONS ARF KOT 
CONSTDFRED = INPUT DATA 

CLFAS AEROSOL SCATTESING COEFFICIENT (50 KH SEA LEVEL 
VISISILITY) = OUTPUT DATA 

MOLECULAR ABSORPTION COEFFICIENT = OUTPUT DATA 
MODIFICATION TO THE LORENTZ LINE SHAPE FCR CO2 

- INPUT OATA 

NITROGEN CCNTTNUUM ABSORPTION COEFFICIENT -— INFUT MATA 
WATES VAPOR CONTINUUM COEFFICIENT FOR 345-462 HIGRONS 
~ INPUT UATA 

QIFFERENCE BETWEEN TWO ADJACENT LAYERS 

FREQUENCY INCREMENT ASSOCIATED WITH LOREATZ MOCIFLCATION 
~ IN°UT DATA 

ENFRGY OF LOWER STATE OF TRANSITION 

AEROSOL MODFL FREQUEKCY - INPUT DATA 

INITIAL FREQUENCY FOR THE 3.5-4.2 WATER VAPOR CONT IENGUM 
~ INPUT DATA 

NITROGEN CONTINUUM A®@SORPTION COEFFICIENT FREGUFNCY 

~ INPUT DATA 

LINE FREQUENCY 

HAZY? REROSOL SCATTERING COEFFICIENT (5 KM SEA LFVEL 
VISIBILITY) = OUTPUT DATA 

O.1*3.3GF422 MOLECULES /OM2 

INPUT DATA FOR VOIGT SUBROUTINE 

VERTICAL SCALING FAGTOR FOR CLEAR AEROSOL MODFL 

~ INPUT DATA 

VERTICAL SUALING FACTOR FOR HAZY AEROSCL MODEL 

~ INPUT OATA 

PRINT CONTROL FOR SUBROUTINE PRNT«. TPRNYT= ity CALL PRNT 
NUMBFR OF ATMOSPHERIC LAYERS - IRPUT DATA 

NUMBER OF FLEHENTS IW THE LORENTZ MODIFICATION FACTOR 
~ INPUT OATA 

NUMSFR OF MODEL ATMOSPHERES = INPUT DATA 

MOLECULE IDENTIFIER (1= 420, 2= GO2, 3= O3, &= N20, 

52 CO, 6= CHS, 7= 021 

NUMBER OF ELEMENTS FC? THE VOIGT INPUT DATA HH AND XX 
CONVERSION FACTOR FRCM GM/MF*3S TO MOLFCULES/Cr *¥2 
ATMOSPHERIC LEVEL PRESSURE = INPUT DATA 

ABSORPTION CINE INTENSITY 

SECANT ANGLE 

ATMOSPHERIC LAYER TESFERATURE = INPUT GATA 

CLEAR? AEROSOL ABSORPTION COFFFICIFNT = CUTOUT DATA 
HAZV8 AEROSOL ABSORPTION COFFFICTENY - OLTPUT CATA 
TEMPORARY DATA STORAGE FOR AFROSOL VARYAELE FA 
TEMPORARY DATA STORAGE FOR AEROSOL WARIASLE ASC 
TEMPORARY OATA STORAGE FOR AEROSOL VARIABLE AAB 
RAYLEIGH (HCLECULAR) SCATTERING COEFFICIENT 

~ OUTPUT DATA 

UNIFORMLY MIXED GAS CONSTANTS FOR? FOZ, K2Cy COy CH4, O02 
FREQUENCY AT WHICH THE EXTINCTION COEFFICIENT ARE BEING 
CALCULATED - INPUT DATA 

UPPFR FRENUFNCY ETMTT FOR THF PTAE CONTRIPUTTCAS. 


PPPPPRPPPPrPrRePPYPEPPEPPrPPPrPPrSPrEPPrrPEPEPPEPErPErPEPPrrPrErPrPrPeReePyEPrerePPYPPbPrPrPrrerPrrrprprprp 


DOnNnNNS wn 


DIos8 sana 999g a0 008 


- 


AAQMOARAD 


AeMdIAN 


WTorp= ¥v+#BOUND 


w ABSORBER CONCENTRATICN 

WBAR MEAN HATER VAPOR CONCENTRATION FOR A LAYER 

WG SFA LEVEL VALUES OF FOLECULAR AQUNNANCES 

WH WATER VAPOR CONCENTRATION AT A SPECIFIC LEVEL 

WHY SCALE HEIGHT ASSCCIATED WITH WATER VAPOR 

MH SCALE HEIGHT ASSOCIATFO WITH OZONE 

wo OZONE CONCENTRATION AT A SPECIFIC LEVEL 

WO3 MFAN OZONE CONCENTRATION FOR A LAYER 

WLD INTERMEOTATE QUANTITY ASSOCIATED WITH COFPUTING 
INTEGRATED WATFR AMOUNT 

w30 INTFEMEDIATE QUANTITY ASSOCIATED WITH COMPUTING 
INTEGRATEO OZONF AMOUNT 

Xxx INPUT DATA FOR VOIGT SUBROUTINE 

2 ATMOSPHERIC HEIGHT (KM) 


COMMON GNUC£000).S5 (1000) pALFAO (1000) ,EPP (1900) MOL I(LO00) 
COMMON 70409, P 0640) pTIC5s40) eH (6975 FO) pCAVC6, 40) WOU Gy 7? 
COMMON THC6,40) pTAL (CO, G0), TARTS, 80} 

COMMON FACT 670) pASCO7 470) HAR 7 970) GASI7 EGO) HAS( 7,40) 
COMMON /ALKI/ JT,ONUC2Z0) CHI C2ZC) eAMLOGD) 

COMMON /PLK27 FKCyCON(2Z0) eF N26 100) sCNZ2C100) pHZ210 40D eH7Z1 40) 
COMMON SBLK3/ NHyHH O10) o XX (19) pACH2) 

OIMENSTON ATMODL (6,2), ARSMONL (724) 

DOIMENSTCN UNF C7), HH(6e40), WHO (6540) 

DATA CUNFOMD  M= 197970 009 Pe 102E 2150 Ve Se ILKEO1Sy 1. EL HE +18 9 3. OU SE HL 
19,4 eS1LIESZ RS 

PATA HCONV, OSCON/3. SUF H21,1.255E +217 

PRINT 16 

IPRNT=1 

IF ¢(TPR@NT.FQ.1) CALL PRNT 

VTOP=0 

PEAD 17, LTP,SEGAKSAM 

PRINT 18, TTF,SFC,KSAM 

NO 1 THieh 

RFAD 19, CWGIL,M),M=1 97? 

GONTINUF 

PRINT 209 CtWGCTM) M2, 7) -L=1,6) 


TROPICAL 

MIGLATITUNE SUMMER 

MIOLATITUDE WINTER 

SUBARCTIC SUMMER 

SUBAFRCTIC WINTER 

U.Ss STANDARD 
Jeted 

Te=2"J 

Tizl2-2 
READ 21, CHATMONLAT, TIPsTI=1,2),1= 81,12) 
NO 2 L=t,ITP 
k-ITP-Let 
READ 22, ZK. CPEL KD TCL KD gHNCT 9K? pHOCI KP IEL2.12) 
CONTINUE 


i" 
NAW SW 


MOLECULAR DENSTTIFS ARE ASSUMES TO OQECRFASE EXPONENTIALLY 
BETWEEN CONSFCUTIVES LEVELS. 


Kis ITP-1 

00 6 T=156 

m9 6 K=1eK1L 
HRAR=(HH(T, XS #WHIT,KOLd 072.0 
WORSCHO(TKNEHOCT, K4109/2.0 
NELTAT=7CK-70K 40) 
WiQ=WH(T.K)/WHOT Ket) 
HIN=HOCT SK) /ZHOCTK+4) 

WHY =-NELTAZ/ALOG (AID) 


PPrPPPrPrPPrPrPrHP PE r>P rr PrPPrPPrPPPERPPErDAPYrXDPPPPPPPPrPPPPPPrErP PP PrP>rErPPPRPEBRPYRPPPEREPRPP rE REP 
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WHS=-NELTAZ /ALCG EW SDD 

IF (AAS (W1N~-1.00).L 720.1) GO TO X 

WC Let, K)SHHL*HCONV* CHHOT,KO1) WHET, DD 
GO TO 4 

N( Te ty KI=HOASFRCONV FOFLTAZ 

IF CABS CW3I0-1200 eb 720.1) GO Te 5 
WT, Fe KP =WH S*OXCON* CHOCT,KE1) —hOCT, KD) 
GO ™9 6 

W(Is eK) =HOR*OSCONFNELTAZ 

CONTINUE 

nO 9 T=156 

PRINT 23, CATMODL( Ts II), Tl=1,2) 


THE MOLECULAS NFNSITIES OF UNIFORNLY MIXEQ GASES IN A GIVEN LAYER 


TS OFRACTLY PFLATED TO THE PRESSURF INCREMENT SETWEEN 
THE LAYER BOUNDARIES. 


OO 7 K=1,KL 

DO 7 M=1,7 

TF (M.F0.1.0R.4.€9.3) GO TO 7 

WOT My KI=( (PCTs KEL P—PCT ZK) 271013.0) SUNF CMD 
CONTINUE 

00 8 K=1,k1L 

PRINT 26s CZEKD PCLT eKd a TCL Kd, CHIL My K) > Maiy7)? 
CONTINUE 

PRINT 2h, ZALTPI,PCTeITPD, TEL, ITPY 

CONTINUE 

00 10 I=4,7 

READ 255 (ARSMODL (Te II), TI=15%) 

READ 265 (FAUT o JD sASCUL Sh eAAB CI oS) pUELe Gi? 
CONTINUE 


FOR OUR PURPOSFS THE AEROSCL EXTINCTION COEFFICIENT ARRAYS 
ARE INVERTED. 


Do 11 [21,7 

DO 11 J=1530 

L=61-Je1 

TEMPU=FACT,L) 

TEMP2=ASC(T LD 
TFEMPS=AABCT +L) 
FACT,LPSFACT, SD 
ASCCIsLisASccl, gs) 

AAR CT, LI=RASCI. UD 
FACI,JV=TEMPL 

ASC (ls JSP =TEMP2 
AASTI,JD=TEMPS 

CONTINUE 

D0 12 I=107 

OO 12 Jtt,61 

FACT, DHL OEFOK FACTS J) 
CONTINUE 

PRINT 16 

NO 13 T=197 

PRINT 27, CARSHOOL CI, 11),TT=1, 4) 
PRINT 285 (FACT Jb ASC(Ts 3) ,AABCI oJ) eS=1,61) 
CONTINUE 

READ 29, ¥,BOUND 

IF (BOUND.LE.0.0) BOUND=20.0 
fEWIND 3 

TF {¥efQ.0) GO TO 15 

IF (VeLT.VTOP? REWIND 3 

CALL ATMOS (V,BOUND se VTOP,SEC,ITP.KSAM) 
GO TO 14 

CONTINUE 

TALL FXTT 


52 


t 
x 


* 
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130 
132% 
172 
133 
136 
135 
136 
137 
138 
139 
140 
264 
142 
143 
146 
145 
1%6 
187 
148 
149 
180 
1$% 
152 
153 
15% 
155 
156 
157 
158 
159 
160 
164 
162 
163 
ihe 
145 
16€ 
167 
168 
169 
170 
ivi 
iv2 
173 
174 
175 
176 
177 
178 
179 
1n0 
1at 
ind 
183 
ing 
185 
Le 6 
167 
14k 
1e9 
190 
fot 
192 
1°03 
19% 
195 
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FOPmMAT (1H4) 

FORMAT (I13,F7.3,13) 

FORMAT (f/f 7/7762 X,F LT TPHFI 3/A3Ky PSECTEF GH, 363K MKSAME4I3) 

FORMAT (7610.3) 

FORMAT (/7/776AX4*SFA LEVEC VALUFS OF MOLECULAR ABLNDOANCES*sSBX,*( 
IMOLECULES/SSQ GCM/KN) *4( 32X97 C1PE1062)9) 

FOPMAT (7 CALTO,4h500 

FOPMAT (FHs142(F10. 39 F Gets 2F10.19) 

FORMAT (1HI///5A¥, 010, A6// sG4X,*OLU QUANTITIES TN UNITS OF MOLECUL 
4ES/SQ CHPFGGX,* CONTAINED BETWEEN SUCCESIVE HEIGHT INCREMENTS .*/44X 
@o*FIRST ROW TS FOR LAYER FROM 4100 - 70 KML*/723X ,*HT*, 3X, "PRESSURE 
Ts, 3X ee TEMP® 5K, HATER *,AXs *CAREONS s 19K, *NITROUS*® 97 Ke *CARDONF/12K 9% 
UCKMD eC GK oF CMPD gHX oF (KIM THe MVAPOR® op 7Xo* DIOKINE® 9 7X ep *OZONFE% 4 5X, FOX 
SIDE*, 7X s*MONDXIDE* , SX, *METHANE %5 7Xy “OXYGENS? 

FORMAT (11X,0PF 5.1, 0°F10.3,0PF Poty 7K LPEL S59} 

FORMAT {(4AG) 

FORMAY (3¢F 802, 2F°7.5)) 

FORMAT (S7/7/56X 8AG// 7X a GCS, FREQUENCY * 9 3X9 *SCAT™ 95X_ *ABS*) /7X gh 
L7H oP MOM-20*,2CHX,*COEF*P IZ) 

FORMAT (C9¥Y,60F13.352FR.5))) 

FORMAT (2F 10,33 


FND 

SUBROUTINE ATMOS (Ve 30UNDs VTOP SFC, TTPyKSAM) 

Aas AFSOSOL ARSORPTION CCFEFFICIENT - INPUT NATA 

ABSCLT MOLFCULAR ABSORPTION COFFFICIENT 

ALFAQ LINF HALF WIOTH 

ALPHAD OOFPLER HALF-WIOTH 

AL PHAL LOPENT? WALFeHWIDTH 

AML HEIGHT INCREMENT - INPUT DATA 

ARGO INTERMEDIATE QUANTITY ASSOCIATFO WITH COPPLER BROATENING 

Asc AFSOSOL SCATTERING CCEFFICIENT - INPUT QATA ; 

RouUNO LIMTT OUTSTOF OF WHICH CINE CONTRISUTIONS 4RE NOT ° 
CONSTMFRED = INPUT DATA 

ct VELOCZTY OF LTGHT 

CA HALF-WIDTH TEMPERATURE CORRECTION FACTOR 

GAS CLFAP AFROSCL SCATTFEING COEFFICIENT (50 KM SEA LEVEL 
VISTRILITY) = OUTPUT DATA 

Gay MOLECULAR GRSORPTION COEFFICIENT - OUTPUT DATA 

CHI MODIFICATION TO IHE LORENTZ LINE SHAPE FOR CO2 
- TNPUT OATA 

CONst (R* 10 NE~O03V/(A*1.0F+ 05). WHERE R IS GAS CONSTANT AND A 
TS AVOGARDC*S NUMBFR 

est BOLTZMANN'S TEMPERATURE COPRECTION FACTOR 

cs? PARTITION FUNCTION TEMPERATURE CORRECTION 

C5 2 * FOLT7MANN®S CONSTANT * AVOGAROO'S NUMBER 

"6 a/PL* 40.5 

DEL HEIGHY INGREMENT BETWEEN LAYERS 

DNU FREQUENCY INGREMFNT ASSOCIATED WITH LOREAT2 MCCIFICATION 
- INPUT NATA 

FPP FNTRGY OF LOWER SYATE OF TRANSITION 

GNU LINF FREQUFANCY 

H ATMOSPHERIC HEIGHT (KM) 

HAS HA7¥! AFROSOL SCATTERING COEFFICIENT (5 KM SEA LEVEL 
VISTRILITY) - OUTPUT RATA 

1K1 ATFKOSPHFRIC MODEL INCEX 

TPRNT PRINT CONTRCH 

Tt NUMBER OF ABSORPTION LINES 

Ito NUMBER OF ATMOSPHFRIC LAYEPS = INPUT DATA 

JT NUMAEP OF ELEMENTS IN THE LORENTZ MODIFICATION FACTOR 
~ TNPUT OATA 

KSAM NUMBSR OF NCDFL ATMOSPHERES ~ INPUT DATA 

M MOLFECULA® SPECIE INDFEK NUMRER 

MOL MOLECULE IQENTIFIER (12 H20, 2= C02, Se O3y &= N2O>e 
S= CO, 6= CHU, T= 02) 

p ATMNCPHER TC LEVEL PRECSRE =e TNPIIT NATA 


DPIODAMATIDIODMODV@VM VO VIDMD@ OBI DVI VWI AD BIOwWsAIAIeoPVOO DID OONI PS rT ryryrFrrprprrrpryYrrPErrErHDnayEDEYD yD 


176 
197 
yaa 
190 
290 
204 
20? 
203 
ara 
206 
ane 
207 
208 
299 
210 
ait 
212 
214 
214 
ars 


ny 
i 
mn 


217 
218- 


ee 
NY oOrFNnoOn Fane 


13 


newt 


NM ar Pee SE Septet ae, BAS ene ain RR AE ee ade we 


DAAAABDAMAADAANSGIAGAAADVGANANDDAANAADA 


aad 


ROOTAO 


PBRAR AVFRASE LAYER PRESSURE 


PEFF EFFECTIVE PRESSURE CINGLUDES RATER VAPO® BROADENING 
FACTOR) 

PH20 WATER VAPUR PRESSURE 

Pl RATIO OF CIRCUMFERENCE OF & CIRCLE TO ITS OLAMETFR 

RATIO INTERMEDIATE QUANTITY ASSOCIATED WITH LORENTZ LINE 
MONTFTCATION 

s ARSOR TION LINE INTERSITY 

SFC SECANT ANGLE 

ST TEMPERATURE CORRECTED LINE INTENSITY 

T ATMOSPHERIC LAYER TERPERATURE = INPUT DATA 

VAL CLEAP? AEROSOL ABSORFTION COEFFICIENT = OUTPUT DATA 

TA2 HA7Y¢ AFROSOL ASSORPTION CCEFFICIENT = QUTPUT CATA 

TBAR AVFRAGE LAYER TEMPERATURE 

TEMPO 296 (KD 

1M RAYLFIGH (MOLECULAR) SCATTERING COFFFICIENT 
= OUTPUT DATA 

v FREQUENCY AT WHICH THE EXTINCTION COEFFICIENTS ARE GETING 
CALCULATED - INPUT DATA 

VB6OT LOWER FREQUFNCY LIMIT FOR THE LINE CONTRISUTICNS, 
VBOT= V-BOUND 

vroe UPPER FREQUENCY LIMTT FOR THE LINE CONTRIBUTIONS. 
VTOP= ¥4#830UND 

VXY VOIGT LINE SHAPE VARTASLE 

W ABSOCBER CONCENTRATICN 

WG SFA LEVEL VALUFS OF FOLEGULAR ABUNDANCES 

WTMOL MOLECULAR WEIGHT 

wv WAVELENGTH CORRESPONCING TO FREQUENCY, V 

x VOIGT LINE SHAPE VARIABLE 

xt LORENT7 LINE MODSFICATION VARIABLE 

Y VOIGT LINE SHAPE VARTABLE 

7 ABSOLUTE OISTANCF FROM THE LINE GFNTER FREQUENCY ¥ 


COMMON GNUC1L000)eS¢1000) ,ALFAQ (LOOO0P SEPP ELO00) pNHOL (L000) 
COMMON HO40),P 06049) 4166040) oH (B97 0 40) CAV (Ge 40d pHGUEy 7) 
COMMON TMC GyH0) pTAL (He 400» TAAL GV GOd 

COMMON FACTS70) ASCU7e 70) gAABL Pe 7H) CAS (7940) gRAS(7, 409 
COMMON /BLKL/ JST,ONUL2G) ,CHI(20) AML (G0) 

DIMENSION WTMOL (7) > CS2(7), ALFHAO(7), DELC7) 

DIMENSION ST{1000) 

DATA CyCSeCHsPL 2.99791 F100 Le GEZVE COS 5 00 56419, 3 1 H15927/ 
DATA CHTMOL AT)» T=107) 718.05 ee 0, 46 oO bGeOy2Be0yLGs0e52.0/ 
OATA COEL CID yT=197)/30. 0,200 0p 5450 O/ 

DATA CONST/2£.380258E-247 


CONST= (R*1.0E-03) 7 (A*1.0E 405) 
= (6. 35164F £07"1.0E-03)7(6 .O238E+23*1.0E +05) 


TPRNT=0 

Ki=0 

VADT=V-BOUND 

vTOPzv+AOUND 

CALL ROTAPE (¥BOT,VTOPsIiceI TP SEC? 


DO 16 IS FHF RAJOR CONPUTATIORAL LCOP GN ATHOSPHERTIU LAYER 
WITHIN KHTCH MONOCHROMATIC MOLECULAR ABSORPTION COEFFICIENTS 
ARE COMPUTED. 7 

TKL=IKL 44 

TEMPes296.0 

OO 18 K=t,ITP 

IF (K.EQ.ITP) GO TO 2 

PBARS(PCIK1 KP FOCI K1,K4199/2.90 
TBHARS(TAIKL KD + TIIX 2 KFl)) 4220 
PH7Q=CONST*TBAR #HCT Kista K) JABS CHEK D-HIKAED) 

GO To 3 

PBAR=9C1K1, ITP) 


- o¢ 


\* 


BOOVDPVISOVD,PMBVCOMIWO@OAVCIV@oO FITP@VcCsAAIIBPVW DIG 3S9A9GTO9 GC VOW OOTBMPIVIIVAPV@—teIIVWwOIIMNIIA9V9ISG]I 


a 


IF PBAR LF. G21 49, PURE DOPPLER BROADENING APPLIES. 


11 IF CPBAR-0.30) 129124513 


12 ARGD=Z/ALPHAD CM) 


THAPET(IKL, ITA) 8 1t0 
PHZO=CONST*TRAR*HGCIK1s1) 3141 
3 CSL=CTEMPO-TRAZ) ZETEMPO*TBAR*O 6951) a 112 
GA=SORT (296 07 T BAR) Boat? 
Cc . R414 
c DETERMIKE GARRFCT TEMPERATURE CFPENCENCF CF SOTATICNAL CARTITION R415 
C FUNCTION B 116 
c B 117 
00 6 4=147 Rite 
GI TO (heSebsSe5eae50y M B 11¢ 
4 CS27(M) = (TEMPOS TBARD F105 6 120 
50 Tt 6 B 124 
5 CS? (MP=TEMP OST OAS 8 12? 
6 ALPHAD (M)=SQRT (CS*TAAR/WTMOL (MD) AVC 8 123 
0 7 T=kyTt RB 12% 
M=MOL(T) 8 125 
? STCTD=S CTE" CE2 CM) FEXP CEPR CTD ECS 1) 3 126 
CAVUTKLyKI=060 8 127 
c B 128 
c 60 17 LCOP CYCLES THRU ALL ABSCRPTICN LINES READ FROM HITRAN TAPE 98 129 
c AND AODOS THFIR CONTRIGUTIONS TC THE ABSORPTION COEFFICIENT B 130 
c AT THE FREQUENCY, V. 8 134 
c B 132 
OO 47 T=4,T4 8 133 
M=MOL(T? 8 134 
PFFF=PgAR B 135 
fs 40 IF (MeEQ.1) PFFF=P3AR44, OF PH20 B 136 
: au ALPHAL=ALFA0CT) *PEFF*CA/1013.0 8 137 
“ Z=ABS(V=GNUCTD) A 138 
IF (MeNE.2) X1=1.0 A 139 
If (MsNE.2) GO TO 10 B 140 
; : K1=0,0 B1M4 
JTLZJT<1 B 182 
fo 9 L=1,JTL B in3 
TF {7eGF.ONUCLI SAND. 7ZoLESDNU(L #1) GO TO A A 144 
GO To 9 rs B 145 
8 RATIM= (CHT (L#LY CHT (LID/ CONU(L #1) -ONUELD D 5 1ue 
XL=ERATIC#EZ-ONU (LDS #CHI(LD 8 147 
GO TO i1 3 1468 
3 CONTINUF R149 
10 CONTINUE B 150 

8 

9 

B 

8 

a 

8 

8 

8 

8 

3 

a 

8 

8 

8 

8 

8 

B 

8 

8 

8 

8 

8 

8 

8 

R 
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t 
! 
, 
| IF €BRGD.GT.210.0) GO TO 17 156 
i ABSCLI= (C6/ALPHADEM)D FSTUILDFEXE CC ARGOD © 2) FW Lo My KD 157 
CAYCTKL  KP=CAYCIKS KD FABSCLT 158 
{ GO TO 17 159 q 
\ c 160 j 
\ c IF PBAR IS BFTHFEN O.1 AND 10 MBy VOIGT SHAPE APPLIES. 161 i 
Cc 162 H 
13 IF (PSAR-10.69) £4,14,15 143 i 
14 X=Z/ALPHAD CM) 164 i 
V=ALPHAL/ALPHAD (CM) 165 ‘ 
VX Y=VOTGTOK,Y) 166 { 
ABSCLIEWXY*ST(T) 90. 56M19/7ALPHAC(MD FHITKi eM, K) 167 i 
CAYCIK 2 KP =CAVCTK1, K) SABSCRY 168 t 
IF (¥X¥6LT O60 PRINT 2% XaVe VXY 169 5 
; GO TO 17 170 : 
c iri 1 
i Cc IF PBA GT. 10 KB, LCREAT7 SHAPE APPLIES, 17? 1 
j ¢ 173 { 
: ' 15 IF (K.EQ.ITP) GO TO 16 174 { 
4 


paar Meee eave ens 


2 


22 


naoaaana 


L{ITKisk) 

GO TO 17 

GAY CIKLsKP=STCUL) FAC PHAL *WGCIK1 MIS CPI EC ZYZ EAL PHAL®ALPHALIDIFEX1FCAYC 
tIKi,K) 

CONT TNUE 

CONTINUE 

IF (IPRNT.FO.1) PRINT 25¢ V 

IF CIKLsGE.KSAM) GO TO 19 

60 TO 1 

CALL CONT (V,ITP,KSAM,SEC} 


FXTINCTION COEFFICIENT FOR HIGH ATHCSPHERIC LAYERS MUST BF 
NIVINFO BY LavFP THICKNESS SO THAT ALL RESULTS ARE IN 
UNTTSs KM#¥eaq, 


DO 20 T=1,KSAM 
OC 20 K=1,7 
CAY (IK F=CAVCL, KI/DEL (K) 

CONTINUE 

WV=2210000.0/V 

PRINT 26, WV, 

00 23 KO=1,ITP 

K=TTP-KO4L 

00 21 IT=1,KSAM 

IF (CAV AT KP eLTeLe0E-6) CAYUT,K)=06 

IF CTMCI SK) LT eteQE-6) TM(TsKI=06 

CONTINUE 

DO 22 T=1,4 

IF (TALCT KP oLT ote OF-06) TALCT KI=0.0 

IF CCAS(T,K) LT ot. 0E-06) CAS(I,KP20.0 

IF (TAZ(T eK) LT ole 0E-06) TAZKT KI=060 

IF CHAS (To kd eLT 212 0F-06) HAS(T KP=0.0 

CONTINUE : 

PRINT 275 AML (KD CAV (6eK) 5 THCG KE os (CAV CIM KD, IM=L SSD TAL (1g KD CASE 
LL KP eTAZUL KP HAS (2yK) 

CONTINUE 


PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 


2a 

29, 
30, 
31y 
32, 
33, 


TA2(4sTTPV,ZHAS (4,ITPI 

TALCI ITP) »CASCT,ITP),TA2CT,ITP) HASCS,ITPD 
TAL(2 9 1T9) 4 CAS (2, ITP) 

Vv ,»BOUND 

TisGNU(1),GNUCTL)9 


T1i=0 
RETURN 


FORMAT (* XyV¥,¥X¢,*,3EL5.6) 

FOPMAT (4H VW 2F11.4) 

FORMAT (1H1 539% ,*HAVELENGTH = *,F15.6," MICROMETERS#/40X%,* FREQUEN 
ICY = *eF15.3,% WAVENUMBER S771 9X8 U eS eH et OX Z(5K sy PMINLAT YD LK, 202K 
2,*SUBARCTIC*) 4 16%) *AFROSOL*/17X9 "STANDARD 47K y*TROPIGAL © 9 4X y *SUMBE 
JO* 45%, *MINTFE*, SX, *SUMMFR™ GX THINTED*, 10Xy *CLEAR* of BX gTHAZY*//) 
FORMAT (A10,1PF 10.2, 1569. 2,501 FE L102) o201PF 1102) 1PEQ. 20) 

FORMAT (///43X,*ALTERNATFE SOUNDRY LAYER AEROSOL MODELS*//49X,*CLEA 
AR* LIX y*HAZYXS/) 

FORMAT (29Xs*URBAN B,209b FHEMRMEB) 3K, PCLPFS.2)/} 

FORMAT €279X45*MARTTIME * 201 PF90 205 3X2 2C1PESL207) 

FORMAT (29X49 *TROPOSPHERIG* s 2(1 PEG 2) 3X, 209H PHEYENYH)D S) 

FORMAT (4//29X,4V=*F12.35" BOUND= *F12.3) 

FORMAT (29Xy*IL= *,I5,TXe*GNUCLP= oF 10.35, 3Xy*GNUCILP= *,F10,3) 
FND 

SUBROUTINE ROTAPE (V1—9V779I1,ITFsSEC? 


ALF AO LINE HALF WIOTH 

ALP LINE HALF-KIDTH TIMES THE AVERAGE ATMOSPHERIC FRESSURE 
FPP FNFRGY OF LOWER STATE GF TRANSITION 

GNU LINE FREQUENCY 

TENE TAPE /SNTSK FNN NF FTEF fOnt 


NOOaarBVsWM@OsIWI ODF VVEOTOVAIIIIV9MDDADVAMDNAI LV IO PMA aDODAAHPM@MAtFvVNO MOV MwWAMVWIIMOVIVVIOVVNVADOW 


APE eMo rm iier Ye pete 


Rede, 


ie pee eee 


Or7rXFOAABAAAaANGNDNMNAANANAANNAMAMAVNANAAIG 


wn 


WG 
HING 


2 


MOLFCULAR LINE SPECIE IDENTIFIGATION TAPE/DISK 

~- TNPUF DATA 

NUMSFR OF ATMOSPHERIC LAYERS - INPUT DATA 

NUMBER OF ABSORPTION LINES 

MOLECULE IDENTIFIER (12 H20—¢ 2= COZ, 3= O03, &= N20,e 

S= @0, 6= CH, 7= 02) 

NUNSFR OF LINCS PER RECORD 

ATMOSPHERIC LEWFL PRESSURE - INPUT OATA 

OPTICAL DEPTH AT LINE CENTER FOR 1 ~ KM SEA LEVEL PATH 
ASSORPTION LINE INTEASITY 

SECANT ANGLE 

ABSORPTION LINE SATA TAPE/OISK - INPUT DATA 

MAXIMUM FREQUENCY OF A TAPE/DISK RECORD 

MINIMUM FREQUENCY OF A TAPESDISK RECORD 

INTERMEDIATE FREQUENCY STORAGE VARIABLE 

FREQUFNCY AT WHICH THE EXTINCTION COEFFICIENTS ARE BEING 
CALCULATED - INPUT DATA 

INTERMFOIATE MAXIMUM FREQUFNCY STORAGE VARTASLE 
INTFRHFDTATE FREQUENCY STORAGE VARIABLE 

LOKFR FREQUENCY LIMIT FOR THE LINE CONTRIBUTIONS. 
VBOT= V-S0UND 

UPPER FREQUENCY LIMIT FOR THE LINE CONTRIBUTICAS. 
VTOP= v#BOUND 

SEALFYEL VALUSS OF MCLFCULAR ASUNDANGFS 

LINF WING CONTRIBUTTEN TO ABSOLUTE COEFFICIENT (USED FOR 
REJECTING WFAK LTNFS) 

AASOLUTE DISTANCE FROM THE LINE CENTER FREQUENCY V 


COMMON GNUC1000) 58 (1000) ,ALFAD (1000) ,EPPC L800), MOL C1000) 
COMMON H(40) 9716940) -T16740) oN (657540) sCAV(6, 40) gHGUEs 7) 
COMMON TM(6 946) 9 TA106 540), TA204,40) 

COMMON FACTs70) gASC (7970) y AASC7y 70) pCAS (7, OO) pHAS E740) 


DIMENSTON 


TIC250412),5 ITIC2509 


PREPARE TO RFAD TAPE 


TYM=0. 
IEOF=0 


V=(V1FV2I726 


Je 


READ (32 TMINg TMAX gNIRECs CATIC I, KD pK=1912) pITICI) 5 I=1_yNIRECD 
IF (EOF (3)) 2,3 

IEQF=IEOF +L 

If CI€OF.GT.58) GO TO it 


GO TO 1 
NREC=TMAX 


IF (TITM.GTeTMIN) GO TO % 


TYM=TMAX 
TEOF=0 


TF (VREC-V1) 15454 
0O 5 L=1sNIRFC 


VRUNSTICT, 


i) 


IF (VRUN.GE WL) GO TO 6 


CONTINUE 


00 9 N=TnNIREC 
WRUN=TT CN» 1) 
IF (VRUNSGT.V2) GO TO 11 


N=ITICN) 


GNU(SP=TION, 1) 

Styr=TIOn,2) 

ALFAOCJI=TION, FP 

EPP (JP=TIIN,S) 

MOL (JP=IYI END 

IF (ALFAQCIP.GT20.0001) GO TO 8 


PRINT 12, 
STOP 1 


ALFAN (J) »GNUCU) 


ALPH=ALEANCHYEC. Cty1V4F 1 ,D7PID 4207600 
ORTHES (JITUG Ly MD ESFOS( 3214159 274ALP) 
TF €PATHAITAN.AANTD GA TN 4 


57 
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ZEABSCV-GNU CSD) 

WING=1.0 

IF (2.G6T.1.0) WINGES (JD FHG C4 MDFAL PYSEGS (321415927 92492) 
TF (WING.LT.t.0£-5) GO TN 9 
daJel 

IF ¢JeGT.1000) GO TO 10 
CONTINUE 

IF (VREG-V2) 4,141,114 

PRINT 13 

TL=J-1 

RE TURN 


FORMAT (//7/30X o1ZHFFE4? ALFADEZEI2. be ae hal GNUSF 10.3,6H erste 


_ FORMAT {* OIMENSION EXCEEDED 7) 


ENO 

SUBRUUTINE CONT (V,ITF,KSAM,SEC) 

AAB AEROSOL ABSORPTION CCEFFICIENT - INPUT DATA 

ABSOR 8 - i% MICRON CONTINUUM ABSORPTION COEFFICIENT 

AKCL CLEAR AEROSOL ABSORPTICN COEFFICLENT INTERFOLATED AT 
FREQUENCY V 

AKHZ HAZY AEROSOL ABSORPTION COEFFICIENT INTERPOLATED AT 
FREQUENCY ¥ 

ASC AEROSOL SCATTERING GCEFFICIENT - INPUT DATA 

ASHZ HAZY AEROSOL SCATTERING CUEFFICIENT INTERPOLATED AT 
FREQUENCY ¥ 

CAS CLEAR AEROSOL SUAVTSORING COEFFICIENT (50 KH SEA LEVEL 
VISIBILITY) - OUTPUT DATA 

cAY MOLECULAR ABSORPTION COEFFICIENT - OUTPUT DATA 

CCONT INTEPPOLATFD ABSORPTION COEFFICIENT FROM THE NITROGEN 
DATA TABLE 

cot 27371013 

CNCS NITROGEN-BROADENED WATER VAPOR CONTINUUM ABSORPTION 
COEFFICIENT 

GN2 NITROGEN CONTINUUM ABSORPTION COFFFICIENT - INFUT DATA 

CON WATER VAPOR GONT INUUM GOEFFICIENT FOR 3e&~"e2 MICRONS 
- INPUT OaTA 

DELNZ INTERMEDIATE QUANTITY RELATED TO THE NITROGEN CONTINUUM 

DELP PRESSURE DIFFERENCE GE TKEEN ATMOSPHERIC LEVELS 

FVHL CLFAP VERTICAL SCALIAKG FACTOR 

EVH2 HAZY VERTICAL SGALING FACTOR 

€VN DENSITY FACTOR SOR RAYLEIGH SCATTERING COEFFICIENT 

FA AEROSOL MODEL FREQUERCY - INPUT DATA 

FAC INTERMEDIATE INTFRPOLATING DATA FOR THE AEROSOL 
FREQUENCY DATA 

FN2 NITROGEN CONTINUUM ABSORPTION COEFFIGIENT FREQUENCY 
- INPUT DATA 

HAS HAZY AEROSOL SCATTC RING COEFFICIENT (5 KM SEA LEVEL 
VISIBILITY) - OUTPUT DATA 

HAL INTEWMEQIATE VERTICAL SCALING DATA FOR CLEAR AEROSOL 
MONE L 

“a> INTEFMFOTATF VERTICAL SCALING OATA FOF HAZY AFROSOL 
MODEL 

ee INTECMFOTATE MOLECULAR SGATTFEING CARATFTFR 

HZ VERTICAL SCALING FACTO FOR CLEA 4€20SOL MODEL 
= INPUT DATA 

422 VERTICAL SCALTNG FACTOR FOR HAZY AERUSOL MODEL 
= INPUT DATA 

H20LAY WATER VAPOR CONCENTRATION 

TPRNT PRINT CQNTPOL PARAMETER 

ITP NUM9ER GF ATMOSPHERIC LAYERS - INPUT ATA 

KSAM NUMBER OF MCOEL ATMOSPHERES =~ YNPUT DATA 

LC GLFAP AEROSOL MODEL INOEX 

iH MA7Y AFROSOL NODEL INDEX 

4 PRINT LOOP INDEX 

MH INDEX USED FOR 3.5 ~ 4.2 MICRON WATER CONTINUUM TAALE 
anw=1iP 
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QPoogn 99 F,O PO ssccoVoOtCea9VGecCceNse Samco cso CoO SCPG SoS SV OOP C DO SCSOVOCOHAAHADAAIMHaRaag 


WAR eile ren ety 


a ne ea ee 


Ne rere” tata Tica: LEE NE ome mm 


c P ATMOSPHERIC LEVEL PRESSURE - INPUT DATA 5? 
c PHAR AVFRAGF LAYER PRESSURE 54 
C SEC SECANT ANGLE 5u 
c T ATMOSPHERIC LAYER TEPPERATURF ~ INPUT DATA i) . 
‘ c TAL CLEART AEROSOL ASSORPTION COFFFICIENT = OUTPUT DATA 56 
7 Cc Ta2 HA7Y# AFROSCL ABSORPTION COEFFICIENT > OUTPUT DATA 57 
— c TBAR AVERAGE LAYER TEMPERATURE SA 
i c TOP INTFRMEQTATE CONSTANT FOR THE 3.5-4%.2 2C CONTINUUM 59 
‘ c CALCULATION 60 
: S ™ RAYLEIGH (MOLECULAR) SCATTERING COFFFICIENT at 
c - GCUTOUT OATA 62 
c TN2 ARSORPTION COEFFICIEAT OWE TO NITROGEN CCNTINULM 63 
c 1X5 INTERMEDIATE CONSTANT FOR THE 365~4.2 H20 CONTINUUM 64 
: c CALCULATION 65 
4 c v FREQUENCY AT WHICH THE EXTINCTION CORFFICIENT ARE SEIAG 66 
: Cc CALCULATED - INPUT DATA 67 ¢ 
C w ASSOPBFR CONCENTRATICN 68 
c WG SEALEVFL VALUES OF MCLECULAR ABUNDANCES 69 
c XH INTERMEDIATE CONSTANT FOR THE 325-4.¢ H20 CONTINUUM v0 
c CALCULATION 7A 
Cc xI INTERMEDIATE CONSTANT FOR THE 3.5-4,2 H2C CONTINUUM 72 
c CALCULATION 73 
c z ATMOSPHERIC HEIGHT (KM) 7% 


COMMON GNUG1000),5 (1000) ,ALFAD (1900) ,EPP (1000) MOL (10003 
COMMON Z(G0d 6P 1G rG0T TUG 40) WH L657 4 400 CAV (6940) HOI Ey 7) 
COMMON TM(6_60) gTAL(H 40), TAZCHS GOD : 
COMMON FAC7,703 gASC(7 4709 AABC 7970) eGAS C7 eH0} SHAS (67440) 
COMMON /ALK2/ FKC,CON(20)5FNZ€0106) sCN20£00) gHZ10K03,HKZ2040) 
DIHKENSION Fy¥K(4o) 
IPRNT=0 
CC1=273.0/1013.0 
IF (TPRNT-EG.%) PRINT 33, (CAV (M,ITP-td 4 M=1-5) 
09 48 JsigkKSAM 
DO 17 Kei, ITP 
‘ M0 1 T=1,4 
TAL(TsK)=0.0 
TAC(T es KIT0.0 
CAStI,K}=0.0 
MAS(T,KI=0,0 
1 CONTINUE 
IF (KeEQeT TPP TBARET(JeITP) 
IF (Ke EQoITP? GO TO 2 
PBRAR=(P CIR POPC I,K4+100/2.0 
TBAR=CT C6, KDFTOSKE10I/2 00 
IF (VeLTe27H0.0) GO TO 5 


we eet ne 


KI=(¥=2350.00/50.041.0 
MHexTes.001 


9e9edOdgsIFIeV9e S9ce ,ses9V CON CVC e PI eTIVSNOOOONAMVOCSC BIS ONeOSSTOSoe se SCossV9OIV0CONGIGOSSF 
~* 
ws 


| 
t mR 
4 2 4 
: c a7 & 
i ¢ RAYLEIGH (MOLECULAR) SCATTERING. an $ 
c 99 4 
IF (KeEQ.ITP) GO TO 3 100 4 
MNS 16 G ALOG COP CIAL) OTS MERE CPL KPOT CHK OLDDD 101 : 
} EVM SKPECMLFHMY C (PES KEL ST USK ALD) — OPCS RPS TOS K DDD in2 BY 
' GO 70 4 103 g 
: 3 FVM CKD SCCL*P CI, ITPP/TES,ITP? 104 ; 
4 TM (39K )=9.8 O7E-20* EVM IK) *¥ 4%, OL17 105 : 
Go TO 6 106 4 oe 
: 5 TH (JS eKD 2060 107 as 
: 6 IF (VeLTo608.9) GO TO 17 108 a4 
: TE (VetT.1250.0) GO 10 7 109 % I 
: TE (VetT.2090.0) GO TO 17 140 eee 
. IF (V.LT.2350.0) GO TO 12 141 gy 
; IF (WeGT.2800.9) GO TO 17 142 a 
L yt ¢ ; 113 
yo C 366 TO &.2 MIGRON H20 CONTTNUM 114 
i j c 115 
io 


. 
OT nist Nb le ea en IP 


= 


BROOD 


NAQAQO 


19 


20 


24 
22 


aR 


XH=XI-FLOAT (MHD 

TXS5=CON(MH) 
TX5=TKS+XH* (CON (CMH? -CONCMH-10) 
CCONT=TX5/3.34F #22 
TOEPHEKP(4.56" (296. 0/ THAR 120?) 
CNCS=0.12*TOFP 

Ga TO 8 


8 TO 14 MICROM H20 CONTINUM 


CCONT= (GLB OSS7TEFEKOSH$7 LD TE-S VID STL THERAZ 
TOEP=1. 

IF (WeGT.70060)} TOEP=EXP (6. 08* (296.07IBAR-1.09) 
CNCS=0.002 

IF (K.EQ.IT°) GO TO 9 

M2OLAY2K{JS,i,%) 

PHPRO=Ge PLZE-23*HZOLAYZALOG (OCS pKOLP PUI, KD) 

Gd TO 10 

H20LAY=WGCJ,1) 

PH20=1. 38E~24*H 2OLAY*T (J, ITP) 

PBAR=P(J,ITP) 
AGSORZCCONT*(PH20* TOF PSCNE S* (P BARP-PH20) 71013, 
CAY (3, KPSZABSOR*H2ZOL AYYSECHCAY( Je K? 

If (V¥.GE.2350.0) GO TO it 

GO TO 17 


COMPUTF NITROGEN CONTINUUM 


00 13 T=1+90 

IF (VsGESFNZCTYANOVeLESFNGCI4I0) GO TO 12 

GO TO 13 

DELN2=tCN2ZCT OL) -CNZCIDOS CFN2CT 44 9-FN2ETID 
CCONT=ODELN2* (V=FN2 CT) DOCN2 (TD 

GO TQ 14% 

CONTINUE 

If «(K,EQeITP) GO TO 15 

DELP=P CJ yK4t) -P (Jy KD : 

TN2=0. TAL*CCONT #(PBAR/1013 0 0)* 29.62%" TBAR* COELPZ10135~0) 
GO TO 16 

POAR=PLI,ETOD 

TN2=0. TALFCCONT* (PBAR/1013 oO) FF 291000 0% 298 00/7 1 dy ITP) 
CAY (Se KI SCAY CS a KPFTN24S5EC 

CONTINUE 

CONTINUE 

TF (Vel ToFAtt»t9) RETURN 


COMPUTE AEROSOL EXTINCTION COEFFICIENTS. 


00 19 J=1,60 

ITF (WeGESFACL so JD eANOVeLESFASL JeLIY GO TO 20 
CONTINUE 

PRINT 36 

STOP 2 
FACRIVWFAUL, JID SUFACL S JO1) FACT, SDD 
00 32 K=1,ITP 

IF (KZEQ-ITP) GO TO 2h 

IF CHZACKDFO.HZE(KH19) GO TO 21 
HAL21.0/7ALOGCHZ 20K 42) ZHZ1 (KD) 
EVHISHAL*(HZL (KOR) HHZLEK)) 

GO TO 22 

EVHI=H72(K) 

TF CHZ2(0KI,EQeHZ2¢Ke2P) GO TO 23 
HA2=1. O/ALOGCHZ7 2CK4197HZ 20K) 9 
EVH2=HA2*(H72(K 41) -HZ2 (KD) 

GO TO 25 

FVHJsH7 270K) 
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sueogc0 cp sEU Coos Perse oOoOsoONOC OSSD COVODVoODOVOTDVIGCCD SSS SEGGOCIN SN SGVSGTIOVIS 


1is 
119 
120 
174 
122 
123 
124 
125 
126 
127 
128 
129 
1390 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
144 
442 
143 
164 
165 
186 
147 
168 
149 
150 
154 
152 
153 
156 
155 
156 
157 
158 
189 
160 
164 
162 
163 
168 
165 
166 
1f7 
166 
169 
470 
174 
172 
R73 
174 
are 
176 
177 
178 
179 
180 
aA 
qR2 
4R3 


see sew 


seron et ene o 


bagi 22 Pt anes 


24 


25 


30 


31 


60 TO 25 

EVHLSHZLOIT#H) 

EVH2=HZ2¢TTP) 

TE (7CK PLE eLIDO-ANDSZ(KD GF e 3000) GO TO 26 
IP CFCKD LEA 70. Oe AND.Z(K) 05662900! GO TO 27 
TF (ZCKY LE 9. 0CANDL7CKP GE 676 08 GO TO 26 
TF (27 CKPeLFo2e0eANDL2ZCKI.GE.0.0) GO TO 29 
METFORIG OUST MOREL 

C=? 

LH=7 

£0 TO 3n 


GLEARS BACKGROUNE STRATOSPHERIC, HAZYt AGEN VOLCANIC 


Loss 

LH=6 

6o TO 30 

TROPOSPHERIC 4ODFL 

LCc=2 

Lus2 

ca To 30 

RURAL MODEL 

Lori 

LH=1 
AKCL=CGAUILG,yJELIM“AAA(LO, SDD *FACHAARCL CSF 
AKHZ=AKCL 
ASCL=(ASCILG, LO LP=ASCILC JDP FFACCASCILC, wD 
ASHZ=ASCL 

TF (LOSEQ.LH) GO TO 31 
AKH7Z=CAASIL HM JELP SAAS (LAGS) DPF ACTAASILH GS) 
ASHZ=CASCOLHs I# LP ASC (LHe IPD TF ACHASCILH SS? 
TALL, KPSEVHIFAKCL 

TAZ(L,KI=CVHOFA KHZ 

CAS(L KEEL YML*ASCL 

HAS (19K Y=EVHPFA SH7 

IF (KeL TIT? GN TO 32 
AKHZ=FAAGTK SEL -AABIS, SI) FFAC ANB UH, I) 
ASHZ=CASTCG  SOd DASE (Uy SDD *FAC FASC (ay ad 
TAZ (4, TTP) =EVH2*AKH? 

HAS Cy TT9) SEVH? ¥ASH? 
AKCL=CAARCI o S41) -AAB (3p d)) *FAC SAAB (3,5) 
AKHT=AKCL 

ASCL=CASEE Be JF 1D -ASC 13, Sd) FAC FASC (4, 3) 
ASHZ=ASCL 

TALC 3, TTS) =EVHt FAKSL 

TA2(3eT TPP HF VH?*AKH7Z 

CAS(Fe TIPPSEV4L FASCL 

HAS(3, TTOD SFYH2*ASHZ 
AKEL=CAASC 2, SFL PAAR C2¢ IDIOT FAC EAABL2, J) 
ASCLEEAST LAs JHL PHASE (2, dd P FFAG EASE (2,5) 
TALC, T TO) =FVHL FAKCL 

CAS (2, TT) =EVAL*ASCL 

CONTINUE 

RE TURN 


FORMAT (5F15,5) 


FORMAT €* FRYQUENGY IS OUTSIOF RANGE OF AFSOSOL DATA *) 


FND 
FUNCTION VOIGT (X,Y? 
COMMON /SLK3/ NHyHH CLI, XK (LO) ACH?) 


DIMENSION RAC32)5 GACIZ), RBCH2), CACI2l»e ICG, 


14) 

XPaKeK 

Vo=ay"y 

TF X-5e9) 1,424,254 
IF (Y¥rte} Gey? 
RAC1P=0. 

ratqaisn. 
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AFM AM AMMA nD DWIsveT IBV V FOO VIOPIVI I AIOSV SOO 38VPOI9N DIT OOVISO BTV OVO VO VsVuBse DVN IOsVISIS 


t* 
tk 
1% 
14 
i*% 


4 
5 
ra 
? 
a 


18g 


42 
19 
19 
ya 
19 
4a 
13 
4° 
1a 
ce 


0 
1 
2 
3 
4 
5 
6 
7 
x 
9 


ano 


20 
20 
29 
24 
20 
20 
20 
20 
en 
24 
21 
24 


21 


21 
21 
21 
21 
a4 
24 
22 
2? 
ra 
2? 
2? 
2? 
e? 
2? 
2? 
22 
2% 
23 
es 


1 
2 
3 
y 
5 
6 
7 
A 
3 
0 
1 
2 
3 
4 
5 
€ 
7 
8 
9 
Q 
1 
2 
3 
& 
5 
é 
7 
a 
9 
0 
1 
2 


233 
2th 
235 
756 
237 
exer 


239- 


- 


POWNDMANA Swe 


ed ei wen ea acti n 


ttt emmanin wn 


aie 


ko tLI=L. e if 
CBtn9=0. € 12 
RAL2)=X x € 13 
CALZD2Y — 14 
RB(2)=05-K24¥2 E 15 
CBL2D=-2.*X4Y € 16 . 
CB1=C8 (2) € 17 
CAIZ0. —E 18 
uviso. —€ 19 
00 4 J=2,31 € 20 
JPLUS= J+ € 21 % 
JMINUS=J-t € 22 
FLOAT J=JML NUS € 23 
RP 1224 *FLOATIPRBC2) — 2e 
RAL==FLOATIM(2. MFLOAT I-10) S26 € 25 
RA CJPLUSPERBL*OACII~CBLSCA (J) ORALFRACIMINUS) -GAL *CA (IN INUS) —& 26 
CACIPLUS) =RB1*C ACID +GO1* RA (J) #RAL* CAC SMINUS) #CAL *RACIMINUSD © 27 
RI CIPLUSP=RSL*P BIJ) ~CB1*CB (0) FRAL* RAC IMINUSI -CAL CEC ININUS) € 28 
CBCJPLUSPSRAL* CALI) OCALERE (ED ORAL CBIININUS) OCALFRECUMINUS) E 29 
IF CSPLUS.GE.L3) PRINT 315 JFLUS,RA(JPLUS) ,CBCJPLUS) SCACJPLUS) »RBC E 30 
LIPLUS) oX,Y f o34 
TF (RACIPLUS) GT ~.1e0E 420) PRINT 34, JPLUSSRACJPLUS) sCBCJPLUS) CALS E 32 
LPLUS? pRBCJPLUS) 9 Xe¥ Ee 33 
TF (CBCSOLUS) 6GTaleDEF10) PRINT 315 JPLUSeRACUPLUS DeCBCUPLUS) sCACyY £ 34 
LPLUS) »RBCSPLUS? 9X, ¥ E 35 
UV= (CA CJPLUS) #RBIJPLUS) -RA (SPL US) * COC JPLUSI) / CRB CIFLUSD*RACJPLUSI® E 36 ‘ 
108 (JPLUS)*CO( SOLUS) ) & 37 
IF (YolLTete5? GO TO 3 — 38 
TF {A3SCUV-UW1) -166-6) Seat € 39 
3 IF (ASSCUY*UVL) -100E-5) Sebee E Oo 
4 UV1=uV E 4&1 
\ 5 VOIGT=UV/1.77245% E 42 
RETURN € 43 R 
6 IF (%=2.) 79759 E 4&4 
7 AINTS46 — 45 
MAX= Loe 45a Ke € 46 
NO 6 K=L,MAX € 47 
AJ=MAX+4 1-K € 48 
4 AINT=AINT* (274 "K297 (204A SH LoD Hte E€ 4&9 
U=-20*X*®AINT —€ 50 
GO TO 14 € Si 
l q IF (X= 4.5) 10512512 € $2 
H 10 ACU3D=00 € 53 
, AC4bD=0, € 54 
J=G2 £ 55 
} 00 4% K21,42 —& 56 
| OU Sb ze HEME B (LECH BCE QDEA CID € 57 
11 JE JeL — 58 
\ U=B(%)~Bt4) € 59 
GO YO 14 — 60 
| 12 ATINT=1.90 F 6fL 
: MAX=20 #h00/X% — #2 
AMAY=MAY fF 63 
M0 13 Ksi-MAX € 64 
AINT=ALNT* (24 * AMAX= ted /(20*K29 410 E 65 
13 AMAXSAMAK-1—. £ 6A 
us-AINT SX € 67 
14 V= L077 2454 /EXP OX 2) E 68 
H=.0? F 69 
JM=Y¥/4 € 70 
‘ IF (IN) 16,415,416 E 7t 
7 15 HsY — 2 
: 16 72%. € 73 i 
\ ; L=0 & 7h 
t OY(LI=0. E TS j 
wy 417 NY FACSH, ?. 1 TA i 
é 
4 He 
i 4 
it : 
| # 4 i 
i 4 
i 
\ . 62 : 
5 
| z 
} 
a 
x 
Ey 
ay 
a 


ovcgpseye2) 


FORMAT (int) 

FORMAT (51k ,"HE TER VAFCR CONTINUUM COFFFICIENTS* /55X,*FOR Sad - bey 
12 MEGRONS (CONDFI/4 2K, FFKE (ADS FET LSS CULXS OLLPED C25)? 

3 FORMAT (//7/67X ,*NITROGE? CONTINUUM ABSORPTION COFFFICIENTS*/62x.* 
PCEN? VS OCNADESs C27X CF ENPFI LT AT PE GL THUD 


mre oo 


e 
OY (G05H —E 78 
18 AK(L)=0. FO o79 
AM(1)9=0. e& 60 
NO 20 J215& FAL 
vr=Z#0¥ E &2 
UU=UF,S*AK CS) E 83 
VV=EVt.59AM (J) — &y 
KK (S440 220 SUVY™ UU XPV VD EH F oes 
AMC SOL Da? 0 F010 EXFUU-VY EVV) FH EF 86 
. IF (4-3) 20919420 € a7 
19 AK (4252 otAK CGD —€ ¢38 
AN CGD=AN(G) AM (AD Fog 
20 CONTINUE —e 90 
Z=74H Ee 94 
L=Let E 92 
UE Ute 16666674 (AKEZ042.4AKC 3) CAKUGDOAKCSDD — 93 
VEV¢01666667% (AM(2) CAMUSDEAM(3D4AM CH) GAMES)? —€ 94 
TF (IM) 71,23, 24 € 95 
24 TF (L-JM) 18, 22,23 € 96 
22 AJM=9M F o7 
HsY-AJMAM — 98 
GO TO 17 F 99 
3 WOTGTHV/10 772454 — 100 
RFE TURN F 102 5 
2k TE €¥) 25976.2¢ € 102 : 
25 PRINT 32, Y f 103 - 
CALL FxIT € 104 
?6 IF (02-862) 26928227 F 105 
27 VOIGT=0. © 106 : 
PETURN € 107 2 
2A VOTGT210/FXPIX2) € 198 4 
RE TURN F 109 3 
. 29 Fi=0. © 110 % 
00 30 J=4,NH Fad ‘ 
30 FLSF OHH OS) JOY 24 ONS XX CLD DE OKC) DEH COD S CY ZEKE RX CID FOXOKK CUED OE 142 FA 
13 € 4413 3 
VOIGTHY*FL/ 301415927 E414 - 
RETURN € 115 . 
c & 116 3 
34 FORMAY {TS ,QHRA =E13.6y4HCR “Eids6,9HCA =E13.6,4HRO =FL3e6-3HX SEL F 117 is 
1306e7H¥ =E13.6) € 118 t 
32 FORMAT {38HQERROR VSIGT = RATEC LORENTZ/09OP°LER =,615.7) E di: 3 
FNO € 120- F 
SUBROUTINE PRNT F 1 3 
COMMON /BLKL/ JSTSDNUCTOD CHI 420) AML (40) F 2 a 
COMMON /ILK2S FKO.CONC2Z0D,FNZC 100) ,CN2U100) »HZL(40),H72 040) F 3 3 
SOMMON /ILKI/Z NHgHHELD) yXKCL0) pACKZY FooO4 a 
OATA 1TP733/ Ff O5 Fi 
PRINT 1 F 6 i 
PRINT 25 FKGe(CONCID,I=1525) F of 4 
PRINT 34 CFNZAITPOCNZUT§ eTHtySh) F 8 
PRINT %, JT, CONDIT) oSITCT) »I-1,uT? F Q | 
PRINT Se Nh, Cine Dd XX ele Lets ne F 40 
PRINT Ge CACIP, T=t,42) F 41 ; ‘ 
PRINT T, LYPSCH7LEL) LHL, ITP) F 12 & 4 
PRINT By ITP CH72CT*, T=1,1TP) F613 3 ; 
PRINT 1 F414 % ih 
PRINT 9, ITP, (AKC), I=4,1TP) F 45 4 
RETURN F 16 9 , 
F 4 ; 
F ‘ 
F 
F 
F 
F 


ond 
wo 


FORMAT (F// 754% 974001, sh 2UN 10 LORENTZ LINE SHAPE*/62X,*(ONU VS 
AGHID SS 742K, STE PIES COX SCF GL FG 2IDD 
FORMAT (tH1953X_y*INPUT DATA FOR VOIGT (HHy XXD*/754K,*NE=*I 27 (6 3K, 
L2¢1PFL 508990 

FORMAT (7/758 4* INPUT DNATA FOR VOIGT (AD*//(37X,4ULPELS.7)D) 
FORMAT (////45X,*VFRTICAL SCALING FACTOR FOR GLEAS aAFROSOL MONEL*s 
A/4GGK FI TPSAIS/S(G3X%,5(1PE10.399) 

FORMAT (/7//45X%,*VFRTICAL SCALING FACTOR FOR HAZY AEROSOL MODEL*Y/ 
LOUK  MITPH*L S/S OG SK, SCLPEL 06 3I9) 

FORMAT (////57X 9*HFIGHT INCREMENTS (AMLD*//47Xq4 TT PEt TL FZ (C4GX p SALOD 
1) 

FND 

BLOCK DATA 

COMMON /BLKEZ J TZONUC20) CHI O20) »AML (G9) 

COMMON /9LK 24 FKC,CON(20) FN2€100) pCN2C 1000 ,H71060),HZE( 40) 

COMMON /9LK34 NHyHHCLOD YS XK (10) 9A (42) 

QATA JTsNHyFKG/16-3, 7350.07 

DATA CCONCT Rg T=19159 702500 187 vol bl yell Fe 0979 08% ye l1I0y lL 20 rei dl, 
Le 7450 2009 6 20, 2804. 330,90. 0007 

DATA CENP CID ST 2159194200000 22050.07 2075409 2100.0, 2225.04 2050.0, 225 
15009 2169005 2165 00, 21700052175. 0, 2180-04 2195260721 90.0, 7195.0, 2200.0 
2422956 Dy 22106 Oy 2215 6092720 Og 2T25n 04 2250 0s 22350 Dy 2740 Op A245. 022 
350 00022550 De 2280009 27E5 4 09 2270 00s 227500 229009 2285009 22900 042295, 
G05 23000 09230500 6 25100 0s 23150 Oy 23200 Oe 2I2G eV SI IDO e235 Oe2 THO Oye 
5345.09 2550.0, 23550 0, 2360 Ue 236 Oe 2 37D 0 23750 Oe 23H00 99 2385 0 042590 
oO 2395 0 Oe 2600505 72405. , 241060 241500 2420.0, 2425.0, 2430.0 243560, 
72640007 2445004 2450009 24550N yp 2HEO 0s 246500 y 247060 2475.05 2480.0, 248 
850 Dy 249000 y 249500, 750000 925056 092510009 2515004 2520001 252500, 25 30.0 
925350 092549004 254 50092550 09257500 26000 Oy P2507 2650009280900 0/ 

DATA CONZCL9,T= 1091971 ONE 219 1-7 DE 07% e Le BODEN e Ho S0E—O7y2e GUE WOE, 
190 OOF-06716136= 05,14 36E-05,1.6HE $0541 IKE W054 201 BF AO5y 2e SHE-95 4206 
23E+08, 2090E=05, Sel FE-05y Fe OF~ 06 30 66F = 055309 2E$05 he 2HE 055 4. B0EM 
305 4 4 eID5E~0 Sy Se XNE-05 950 O5E-05, 5 DOE 05 7 Ge SIF = 955 6 EDF = 05 ee SIE ~ 05, 
47 e1BE- 0597 oe 39E~ 0597 eH0E-05 57 BHE-05 Be OEE -05,9 e39E “05, 4%. 70E-05 904 
GSE 055 90 56F-054 to BPE=0Me Le 20F = GH ode SHE“ DGe 105 2E-04 41 -H0F 04) te CIE- 
604, LH DEAN Le S LF HOM Le STEM OK,y 10 23F 0G 1 AVE May LHL HELO ote LUE 04, 
Tel ZEWObs lo 12E~ 0451. 11E= 0G, Le LIF -O4, 1.1 2E MTG, LL UF ~04,4 12 1HE= 06, 104 
B2E-O4, Le L0F Oh, Le07E Obs Le 02F = 04 90 90E- 059905 E0549. 00F “9548. G5E- 
905 984 20E-055 7 eB SE 05 7 of SE-O5y He SOF 050 be LDF 05% 5 0 SUE 05 94. 95E = 05, 
Xho SDE 05 06 aOOE~ 055 Fe 75E~05y 305 0E-05y S01 0E~05y 206 5E-059 24 50E-U5 5202 
LOE $05, 1095E—05,5 te75E—-050 Le AOE 05 510G0E- 059 Le ZNE-0551605E-05,9.50E- 
206, 600 0F-0653050F$0652000E “O06, 16 S0E “0601 -00E-20/ 

OATA CONUCID, T= 11 BFAD Dee S 9 eb ae lo bred e he One te Lode Ae Oy 2a Se Sn Oe Se 
1M, 8.0,10.0,15.0/ 

DATA (CHTCT) T= LL 60410009 Le00 yo WGy BG, D2 ee Tye Tye G0 eS ye hly 3B 
Lee 31902900 235019906007 

MATA CHHIT) pT=1 93077 oe 2HG29599E-Ols 1657067 320E-01 ph 5 3000990E-03/ 

OATH CKXCT) oe T=1 9 30/7 He FGO77HLDE “0151-5 358R900E +00, 2. 35060897E*00/ 

DATA CACTI o T2145 42? S009 109999999F -O 1 Der ~ 15940000 0F -0 25 Deets 5583999 
LE“ 0290 nore 2166 GO0E 0250 oy Se l7OBILSIEW0 25 Oe M50 BS 1412GF 02900 ere G21 
257 SDE~ 02500 p20 DB ITESE02 100 y Lo LLGGDLL E02 9009-5 e E231 BIEE—03y Ja 2 
Be 64875 SKE“035 00 mde 17326 TOF = 03 Oey h BIISRIIE-Dhs Dey 1s 93363 OAE-O8, 
HD ge Te2ZETTUSEW—O5 yO oye 565551 ZE~ O59 Oe 9S eGGCOTSEC CEs Fonte BIESIIL 
5= 06000 58 eS66R75 GE= 07 5 Dee 205i 8b S3TESO7 Doe Te 0936022E-08/ 

DATA CHZ1C 1), T=1 9339/9. 30E-10, 1. 60E -07 5 20 10E- 06s Ho IZ2F— 06,82 O0E-06, 
11. 65F 05,36 32h~ 05, 10 50E= 0h 1. FE 04 20 HZE MOMs 26 IGE =D by Se SZE~ OMe G2 
23E=-04, 4 .92E=04, 5.6 SE“08, 62 O1E = 04 5S. W1E- 08, 62% SE— 0456 5E—04, 6. Z2E= 
304 5 Ge 3E-0 He 70 1HE=-O by 7 eB TE -04, 9-8 0E-08% 5 10H 1E-03, 20 30E“ 03,3. 546-03, 
4 B5E-03 56 eH XF- 03486 19E-03 59. 70E-03 920 85E~02, 6095E-02/ 

DATA CHZ2CTI T= LZ e3TISITOE—2100 1e60E-07 5 Ze LNE~OGs We (27E~ 0695. 00E-0E, 
12.65€-0557 -60F~ 055 40 1GE~06,5.1 56-9 6. HUE “1h, 8.6 OE-0hs 1209E-03 52.3 
2503916 7TLF=03, 201 0E-03y 25 MGE= 03 92. 7HE~O3y 20 92E-03,2.89E-03 42. BIE- 
303, 2eK45E-03,2011F 0394 BSF 03, 1. MLE OS, 3a S5ESI3e Se 22F— 03, 7s PIEM03, 
49. 30E- 03,1 .BSE~O2, 3 oHGE-02,6 021E-02 976 57E~01,7 05 7E~N1/ 

DATA (CAMLOT) »T=25330/10H 70-100 »10H 58 - 70 10H &5 - 50 410H 
1 on = 4F atnH 35 ~ @f eth FA — RS 1h PR = BA et Pe =~ 2E 


ADHDADAWIHAAHAAAHDAAAARAANANAANDANTA 


aD 


MDAMNAGAAAGAAHSHAAIAAAAGAIAAAMHAAADRAAAAMAAAAADAAD 


7) 


= 
SOeBn ANS an 


_ 
ne 


Cet eee 


Fae eA A 


2,40H 23 ~- 24 ,10H 22 =~ 25 49H 21 - 22 4104 20 ~ 214 410H 19 - 
320 10H 18 - 19° 20H 17 = 160 410K 16 ~ 17 410H 15 - 16 10H 
aa - 15) »10H 1% - 1m 20H 12 ~ 135 eifMH 11 - 12 410H 10 - Li 
S0OH 9 - 10 ,10H - 9 ,10H 7 - 8 ,i0H 6 - 7 ,10H 5 = 
3 si0H G4 - 5S 10H F=- & L0H 2 - F L0H 1 - 2 415H 
7- ££ »10H 0 4 
FNO 
33° 61.900 6 
6a 36ES22 AnO8E+20 7OSE416 HeBSECIFT 1.8GF417 F.IPE+IR G.LJE+?I 
Re69Ft22 Be2hE420 7.53E41H HeDJEFI7 1,678417 GODEFIA 5.256 +23 
Le17E*22 Be9SEH20 7eSRE+LE FaSIESL7 2.038417 4, 34EA15 =F .68E+23 
J.05F*22 BeGZ2Et70 GeiSt+1i6 7elGFt1F 1691F417 4. 08EF1R8 5.356623 
HLOLE422 9-S3E4#20 Se iSFHLA BaDDFO17 2o1HEFL7 4. STEFIB | «65.98F e235 
L.97E#22 A.GLE+20 6.7K" ae LGLEF17 «6%. O6TH18 «SLSR HZ3 
TROPICAL UDE SUMMER 
0.0 1-01364+03 300.9 2-9E OL 5 .6E-05 1.013F4+03 294.0 1.4EF 91 
1-0 BA-OGDE+C2 296.0 1.3E4 OL 5 .6€-05 9.020F +02 290.0 9.3F #00 
2.0 8.050E+02 288.9 9.3€+00 5S .4E-05 6.020E+02 285.0 §.9E+00 
300 7LSOE+02 284.0 4. TFeO0 Seif-05 7.1008+02 279.0 3,36 400 
4.0 6.330F+02 277.0 2.2E#00 4 e7TE“05 Ge 260E+02 273.0 1,9F+00 
5.0 SeS90E+U2 270.0 21-5F400 45-05 S.540F+02 267.0 1,0€+00 
600 4e920E+02 264.0 6.5E-08 &o3E-U5 GeA7OECOZ 261.0 €.16-01 
7o He 320E4+02 257.9 &e7E-08 & LE-05 &.26NE402 255.90 3.7F=01 
$.0 3-780F+02 250.9 2-5E-01 3.9E-05 3.720402 248.0 2.18-01 
9.0 F.290E+02 266.0 1-2E-01 3n9E-05 3e260E+02 24220 1.2E-91 
10.0 2.860€+02 237.0 5.0€-02 3.9E-05 2,2R0E#02 235.60 6e4E-02 
11.0 2.470E+02 230.0 1.7E-02 GALE-05 2.430E+02 229.0 2.2F-02 
1200 201396402 224.0 6. 0E-03 HeSE~US 2-090Et0? 22200 6.0€-03 
1300 16820E402 217.0 1.8E-03 4%.5€-05 1.790E+02 216.0 1.8€-03 
1400 £e560E+02 210.0 1-0&-03 4o5E-05 Lo 530E*02 216.0 1.06-93 
1500 LeT2DEHO2 204.0 7 «6E-0% & e7TE-05 1.3006&402 216.0 7 .6E-04 
16.0 Le110E*62 197.0 Ge4E~04 &o7E-05 2e1K10E+02 216.0 6 o4E-04 
17.0 9.370E+UL 195.0 5 e6E- 084 6.9E-05 9.500F+O1 21660 566-04 
18.0 7.890E+01 199.0 5.0E-08 G.CE~OS B.120F+0! 21660 S.0F-04 
19.0 Ge660Et01 205.0 & o9E~ 04 LoGF~O4 6.950F#01 217.0 4 .9E~ 0% 
20.0 5-650F e01 207.0 & oSE~0% 1.9E-04 S.4UsUESOL 216.0 45-04 
21.0 %.8ONFeOL 211.0 § 1-08 2e6E-0% S.100F +01 219.0 Se1E-04 
22-0 @.O090F¢01 215.0 5e1lE~Ne 2eBE-0% GW S7OE¢O1 22060 SelE-04% 
232.0 3.500E40L 217.0 So4E~ 0G 3e2E-04 3,760E¢01 222.0 5ehE-06 
24al J-O000EOL 219.6 6.0E~0% S.4E-04 3.220F401 223.0 6.0E-04 
2500 2657NE#0L 22169 6. 7E~04 SHE-04 2.7TOEFOL 226.0 6.7TE-O4 
3000 1-6220€401 232.0 3-6E~0% 2e4F-O% 1. 320E+08 234.0 3,6E-04 
35.0 6.000E*00 2743.0 1.1F~04 926-05 6.520E400 245.0 1,16-06 
40.0 3-050E¢00 254.0 4o 3E~05 G1E-65 3.330F+09 258.0 & 3F-05 
45.0 1.5906900 265.5 1-9E~05 L.3F-05 2. 7E0EF00 270.0 1.9E-05 
50.0 &-SSNE-OL 270.0 6-3F-06 &.3E-06 9,510F-01 276.0 6e3E-16 
70.0 Se79HE-02 219-69 1-4E-07 8.6E€-08 6,710F-92 218.9 1,6F-07 
100.0 3.000E-0% 210.9 1-06-09 & 3-11 3.000E-08 210.0 4.0E-09 
MIDLATITUDF WINTER SUBARCTIC SUMMER 
0.0 1¢018F403 272.7 3.5E+00 6.0F-05 1,.0106*03 287.0 9.16 +00 
1.9 B.G7TSE*U2 268.7 2e5E+00 Se4E-05 6-960E+02 282.0 6.06400 
2.0 7.897E#02 265.2 1.8€¢00 4.9F-05 7,929F4¢02 276.0 &.2E 900 
3.0 GaDI*ESO2 2614.7 2.2F #00 &eGE~05 7,000E407 271.0 ?.7F400 
4.0 Ge O8LEF92 255.7 @.6E-01 &.9F-05 6.160E¢U2 766.0 1.7ESOO 
5o0 SadiSEt02 249.7 3.8E-01 58E-05 S.410E4+02 260 »0E+400 
6.0 &.627Eth2 243.7 2e1E~ 0% GeGF-05 &.730F402 253.0 5 4E- OL 
7.0 &.016E*02 237.7 6.5E- 02 7e7E-05 &o130E+02 24620 2.9€- 01 
6,0 3.473E402 251.7 3.SE~12 9.0F20% 3.590F +02 23920 1.3E- 01. 
9.0 20.992E#02 275.7 1.6E-02 1.2&-06 3.107E+02 232.0 4.2E-02 
10.6 20565E+02 219.7 7.S5E-903 L.GE~UG 2,677F+02 225.0 1.5E- 02 
11.0 2.199€402 219.2 6-9E-03 2.8E-04 2,300E+02 225.0 9 .4E-03 
(2.0 1,687E¢02 218.7 6-0E-03 2.6F-04 1.977E+02 225.0 6.0E-03 
13,0 1.6280F #02 214.2 1.8E-03 3.0F-O04 1.7006+02 225.0 1,8E-03 
14.0 1.3750€402 217.7 1.0&-03 3.2F=+08 1.460F*+02 225.0 1.0E-03 
15.0 Le17KE4O2 217.2 7+G6E-04 3.4F-0% 1,.250F4+02 225.0 7 6E- 04 
AA. ALANPFE SN? MHL? 6&.bF-f bh VRFeth F,/NBNFAND FIAK.1 6 .4F- Nb 


65 


G 55 
1 G 56 


ol G57 


6 G &&A 
& 549 
G At 
G fle 


6.0E-0F 
6.0&-05 
6.0E=05 
6.7F=05 
6 eH E~05 
6.6F-05 
6.9F~05 
7.5E-C5 
7-9E-05 
8.6E~05 
9.08~05 
Lei o& 
162E-04 
£e5E~O4 
LoRE-06 
L.9E-04 
201E- 6% 
2e4E-04 
2eP E04 
3.2604 
5.4 E04 
3.6E6~04 
3.6F-04 
Fo4E~08 
3oZE-04% 
3.0E-04 
2-0E= 06 
9.2E-05 
Het E-05 
1,3E-05 
&e3E-GA 
6.6F-0° 
we3E~1h 


4. OF=05 
5,4E-05 
5.6E-05 
S.RE-05 
6.0E-95 
6.6E-05 
7.1F=05 
7.5€-05 
7.9F=65 
1416-06 
1-36-04 
1.KES0n 
2.1€-04 
2068-04 
2.AF-04 
3.2E-046 
TUF eM 


FH ne 


Sar, 


Lage tebe Seniee + 


See bel neg 


stk ache 


Te ate on Se catch Se an 


a. 


1700 ALG6LOF ADL 215.2 SafF-04 J.SE-C% 9.7EQF]Ot 225.0 5.6F-04 3.9804 
18.0 7.359E4N1 215-7 5eff-04 GLEN 7.98GF ODL 225.0 ENF 04 Set E04 s 
1900 662806491 215.2 4.9F-04 4eSE-04 G.AGOEFOL 225.0 &.9F-04 Helf-04 : 
2000 Se37QE401 215.2 4eS5F-04 & .5E-O4 S.AG0E*GL 225.0 455-04 3.9E-fb 
2100 GeSAMEFOL 715.2 Self 04 &.3E-0u S.OTOE+GL 225.0 51-04 3e6E-04% 
2700 S.9L0F401 215.2 B.1F-04 4.3F-06 4. 36NE*OL 725.0 S.1E 904 3erf-9b 
7300 3S.34H0E*OL 215.7 5.404 BaQF=-04 3.750401 225.20 546-04 3.0F-04 
24.0 2,660E40L 215.2 h.0E-04 F.GE-CH XL227KUeOL 22H 6.9F-04 ZeRE-04 
2520 2,K35E+0 215.2 6. 7E- 04 3.GE-04 2.790F#01 229.0 6.7F 294 2.6E-06 
30.0 1,110F 401 217.4 3466-04 1.9F-64 1.340F401 232560 3.6E = 04 1.6F=04 
35.0 S.189E+00 277.8 1.41F-04 9.27-05 6,610F+00 247.0 1.1€-04 Be 2F- 08 
40.0 2.530F +00 26462 4.3€-05 Ge1l-GS 3.400E+00 262.0 4. tE-05 GLE a5 
45.0 1.290E+90 258.5 1.9F-05 1.3F-05 LPIGEFOD 274.0 169F+05 1036-8 
50.0 6.820F-01 265.7 6.3F-06 4 s3JE-06 9.A7UE-O1 277.0 6.3F-06 &.3F-06 
70.0 %&.670F-02 230.7 LHE-07 SAHFHNB 7FL070E-02 216.0 1.4F-O7 BeAf-OF 
100.0 3.000€-04 210.2 1.06-09 4 o3F=41 3.000F-0% 210.9 1.0E-993 Ga3E-1i 
SUBARCTIC WINTER UsSe STANDARD 
0.0 £.0136+03 257.1 1.2600 &.1F-05 £LeOLFEtO3 SARL 5.9E 400 5 .6F-05 
1.0 G.879F +02 25961 1.27€+00 4&.1F*95 3.986F +02 281.66 4.7PE eno Sah E-05 


2.0 PeP75E402 255.9 Oe4E-O4 GIF $05 7.950F 402 27501 2-9F#00 5.4E-08 
3.0 G.79HE4+02 252.7 6.aredt 4 .3F-05 7.012F402 2k4.7 1.AF*¢00 5.0E-0F 
400 SeFSZE+02 247.7 GV1E-90L GSE-05 6.166F402 262.2 1.1€+006 &,6F-0% 
$.0 SelS5BR 402 240.9 2.0€-01 &.7E-05 5,405€¢02 255.7 6abF OL 4.6E-08 
640 GANGTEO2 23H01 9.8F-02 &.9FH05 &.722E402 249,27 3.a€-01 &.o5F-05 
7oO S.B53EHU2 22747 5 y4E-02 TaiFrO5 BL111EH02 242.7 2.1€-Ct &.9F-08 
8.0 3.30RKREHN2 2770.6 1.1E-02 9.0F=15 3.565F+02 236.2 10°F- OL 5 .2F-05 
9.0 2.879F 402 217.2 A. 4F end 1.6€-04 3,0°0F +0? 225.7 4 .6F-02 7618-05 
10.0 2e419F 402 717.2 5.5€-03 2.6E-04 2,650F #02 223.2 109F-02 9.0F~-O8 
12,9 2,0H7F 402 717.2 FVAE-O3 3a2F-04 2,.°70F +02 21648 #.2E-03 1. 35-04 


12.0 1.7668 #02 217.7 2.€F-03 &oSF-04 1.940F+02 216.6 F.7E-03 1.6E-04 

13.0 2.510E#97 717.2? 1,9F-05 &e7F- 04 1,659F #02 216.6 1.3€-03 1.7F<04 

ie 14.0 T6291F 402 217.2 1.0F-03 Ge9E-04 L64L7EH0? 21626 RGF 04 1.96 -Cu 
: 1500 LoL03E*02 217.2 7.6F-04 56-94 2. 7116402 216.6 7,26 -04 2.1604 
15.0 9.G31E 01 716.6 6.4F-14 Gv2F-O% L.035EtD2 214.6 6.1F-04 2.4F- 086 

17200 8.058E40L 216.49 5 .6F-04 6.7F~04 BeASHCOOL 216.6 5. ?2E-04 28F 04 

18.9 HaSAPF4OL 215.4 5.DE-9% H.2F-0% 7.565F401 216.6 4 GE UK 3.2E-Ch 

19.0 SeB75F*OL 714.8 4 .9E-N4 6 .0F-04 G.4H7F491 216.6 &.HE- 04 3.5F-O8 

20,0 SaDLKE SOL 245.1 4.5E-04 S.6F 04 S.S29E*01L 216.6 4.4E- 04 3.8F-04 

PLeM Ga27TE COL 213.6 526-04 Salfe04 &.729E+0L 217.6 4 .8F- O04 3eAEH(e 

22.0 3-647F401 213.0 S.LE-04% &.TE“04 G.047E#N1L 218.6 5 .2F-04 3.9F-06 

, 23,0 FeIKGEHOL 21764 5.4E-04 GV3FH04 S.HE7F ONL 219.46 S.7E-04 34° f= 06 
ae 24e0 2.6K9F 401 711.8 6.0E-04 3.6E-04 2.972401 22046 6e1E-08 3.6E- 04 
: 750M 2e25HE4OL 211.2 6. 7E-G64 3a2F~-04 2.549€401 221.6 €.5F-94 3.Gre Cu 
30.0 1-020F*01 216.0 3.6F- 04 L1.5E-OG 1.197E*01 224.5 3.dE-04 2ehE-94 

$5.0 Ge7OLE+00 222.2 1.1F-04% 9a2F-05 Si7HHEtO0 236.5 1.fE- 04% L.1°-96 

402.0 2-268F 400 234.7 &,3SE-05 ot F-05 2.A7LE HO 253564 667E~05 %eGF-05 

QoQ LeL1TIE+00 247.0 1.9F-05 L.3E905 1.4916 409 264.2 3,26-95 LeTEH95 

0 S.719F-01 259.3 6. SF-06 &.3FO0E T2IPKE~-01 270.6 1.2F-55 4.0E-04F 
4-016F-02 245.7 1,4F=07 6.6F-08 S.529F-02 219.7 1,5€-07 8.6F-08 
100.0 F-ONDF-04 2:9.9 1,9F=09 4o3F~-11 F.OVSE-0N4 21020 1,d&-09 R#esF-1d 


ne er ee 
no 
cs 
ve 
o 


RYOAL 
e2NN1L 9624 50296 © 2501085556 223174 o3S0UL6E7 281 613551 
oJ3S7TIA53735 09670 24001. 31605 0353? o489%.906905 07950 
+5151.0081% 06748 2550 293072 206923 °633 279000 106159 
0694 270226 .0f129 2460 251221 296694 1.059 238024 E7795 
: 1.300 275969 .06247 21.536 .20573 .05907 164909 215351 204432 
a PoO(O o213R21 ZOe7AS 2.250 £11397 02894 2.5609 210158 ,02938 


70700 s07755 06559 3.000 .08330 .03696 3-200 209339 .02066 
36392 09751 , 013970 3.900 ,09598 .O1fe3 3.759 209394 201857 
4o00C .09001 .014485 4,500 .96011 .02219 5-000 .07¢72 102033 


b te 5.590 606904 ,07455 6.000 .05870 .02971 62209 .05€96 .031135 
te He500 -05488 ,O3S54 7.200 .9521E .04713 7.909 2.03074 .03904% 
: 8-780 .01340 05110 8,500 .03319 107937 86709 .65497 ,07125 a 


is 96000 605729 .07689 9,200 605289 208719 94500 2 05K77 .0€358 
FeAOO 205774 , 05256 10.009 ,05722 205123 19.591 205749 04501 
Mw. 41-ANN LNRAZ? LNBANF 11. GNN LAHAPE .N AAG P.59N LNGIFN LNIPRG 


66 j 
q 


12.070 £05164 .03310 14.000 208733 .O3807 146800 «03526 .03855 
15,090 .03376 ,0527R 16.400 204353 2.06407 172200 .04542 .04857 
18.000 2.04495 .043R7 18.500 .04277E .04286 20.000 . 04175 «04857 
21.300 -A35988 204959 22.500 ~03R83 .046856 25.000 .d3505 .04737 
27.900 .03095 .04713 30.000 -02807 .0%817 35.000 .02€01 .~0%885 
40.000 .O07311 .ah972 


TROPOSPHERIC 
oP CO2,0T51% ~SNGCL + 2501296557 .21839 ©3001.76630 011186 
233716621592 207429 oh091.36803 .06144 © 4661.10225 04886 
25151-03650 608559 2550 295286 .04716 633 2.79828 03985 
2694 70275 2039146 060 £49706 .04326 1.060 .35318 204336 


1-30 223130 .037°6 1.536 «16033 .O3451 1.800 .09904 .92200 
2.000 ,06761 .01997 2-250 205005 01146 25500 .03797 101157 
2-700 .07650 .O3A91 3.000 .02394 .01589 3e200 2.02350 .0G67% 
36392 02133 .0064F 3,500 .02174 004283 30750 201858 .00402 
4.000 ,02564 .00%%% 4.500 .01159 .O0701 5.000 .0U8%9 .0G623 
5e500 .NOHLE - 00905 6.0090 .90401 .01080 60209 2.00393 201169 
6.500 .00363 0.012746 7o200 £00294 02036 7-900 .090055 .016C4 
8.200 .00017 «92979 8.500 00121 204847 8.700 .00785 .03619 
9.000 .00%47 2.03750 90200 .00620 .04812 9-500 .0Ue8% .02700 
9eF00 200423 601966 10.000 . 00375 .01895 10.59% .09275 01485 
116,000 .00735 .01108 11.500 -0018© .01027 12.509 .00122 .00997 
13-000 .0010% 2.01036 18.000 .0007& .01076 16.600 .000%9 .01389 
152000 2.0004 02374 1626400 .00068 .01468 17.200 .00092 .61578 
18.000 .00072 01324 16.500 -0005€ .01345 20.000 .00062% .01530 
71.300 ,0004% ,016%H 27.500 .00040 201553 25.000 .00026 .01555 
27.900 .000%7 .91608 30.000 .00022 .O01732 35.000 .30009 .017850 
40.000 .00006 .01607 


MARITIME 
o2001018545 13003 02501.18060 .U5471 o3001.16159 .02800 
e SI7TLLLS26 eOLASA 4001. 06260 .01536 e4BAL,0L39% 101221 


2515 099745 ,01147 2550 298621 101779 +633 .95556 206996 

-694 £93959 200979 2860 2.90126 01024 1.060 .86417 ~01220 
1-360 282883 201174 1.536 2.79507 .01207 1.600 .75342 00918 
2.000 o71594 691309 2.250 67716 .01062 2.500 .€0927 202125 
20700 043992 .0917%46 3.000 .32712 .33275 34200 -45949 222077 
3-39? 56702 .00004% Be5Q0 eSR4R9 2046164 3.755 656854 201718 
4.000 262889 .01985 4.500 245201 204267 5-000 .40727 .03660 
5.500 .34309 .03207 6.006 19835 14879 62209 oe 28863 1.14476 
60500 628792 .07387 7.200 .?6147 «05965 70900 o19l7G 205840 
80290 618694 .06%68 6.500 2.18482 .07119 8-700 219956 07051 
92.096 «19546 07045 9.200 .17855 .07218 9.500 2.16085 206397 
9.890 2.14392 .06222 10.000 ~13066 .06245 10.591 .09847 2.06993 
11.090 07286 .O8H15 11.500 .05652 .10523 12.500 .04623 .14900 
13.000 .O4542 .1f796 14.000 « C5448 017892 14.800 .0560% .18318 
152000 95950 .18558 16.400 .06689 .18760 17.200 «07504 .18580 
18.000 007611 £7950 18.500 .07684 .17523 20.009 .07033 116056 
240300 206518 615090 22,500 - 06428 614325 25.000 «C5367 212998 
772900 .O4%F11 11970 30-000 2 04085 11232 35.000 .03006 1.11187 
40.000 .02533 «14368 


URBAN 
27004428721 67571 22501. 75108 254737 03G91615409 247917 
23371006510 244168 e400 691714 40356 e488 2 TSETH 635914 - 
«515 671667 . 34574 0550 2.66572 «33428 °633 ,57055 «30266 : 
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Appendix 8B 


Extinction Coefficient Charts for Selected Laser Frequencies 


Extinction Coefficients are provided for a selected list of the laser emission 
frequencies identified in Table 7. Results are provided for six geographical 
models and two aerosol models. The total extinction coefficient (y) for a given 
atmospheric laver is determined by summing the four quantities k 2 aa k and 
6, 28 indicated in Eq. (1) of this report. The units of all quantities are km7!. 
Therefore, the total transmission for 2 horizontal path is obtained by application 
of Eq. (6) to the total extinction coefficient as obtained from the chart. For sea 


level conditions, if the Rural aerosol model is not appropriate to a specific appli- 


cation, results are provided at the bottom of each chart for three additional 


boundary layer aerosol rnodels. However, it should be noted that results are not 
provided for the "Clear" (50 km Met, Range) Urban model as the model is simply 
not applicable to very clear situations. Similarly, results are not provided for 
the "Hazy" (5 km Met. Range) Tropospheric model as this model is not to be used 
under limited visibility conditions. It is suggested thai linear interpolation be used 
to obtain extinction coefficients for Meteorological Ranges between 5 and 50 km. 
For vertical or slaxit atmospheric paths, extinction coefficients can be ob- 
tained by summation of extinction coefficients in appropriate columms, excluding 
the first row of the chart. All values are provided in the unit, lan ™?, and entires 
are made for each 1-km interval from the surface to 25-km altitude, thus reducing 
the problem to this simple summation. For altitudes above 25 km, it is necessary 
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aa 


to multiply the values read from the chart by the height increment corresponding 
to the layer. For slant path calculations, the total extinction value for the verti- 


cal path must be multiplied by the secant of the zenith angle before application of 
Eq. (7). 


T= exp |-sec 6 >. %5 (7) 
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Errata 


Insert the following on page 111; 


Figures Cl and C2 are based on the U.S, STANDARD 
ATMOSPHERE, 1962 model shown on page 31, 


AIR FORCE GEOPHYSICS LABORATORY 
AIR FORCE SYSTEMS COMMAND 
UNITED STATES AIR FORCE 

HANSCOM AFB, MASSACHUSETTS 01731 


yo 


Appendix C 


Calculated Transmission Spectra for 10-km Horizontal Paths 


at Sea Level and 12-km Altitude 


Table C1 defines the spectral plots provided, Note that two have been 
omitted: Figure C1ik because it is completely opaque over the entire spectral 
range and Figure C2c because it is completely transparent over the entire spec- 


tral range. 


1il 


VYable C1. Spectral Plots Contained in Figures Cl and C2 


Figure speciral Range Yigure Spectral Range 
No. (em *) No. (em 74) 
Cla 740-800 Cla 740-800 
Clb 800-860 C2b 800-860 
Cle 860-920 Cle 860-920 transparent 
Cid 920-980 C2d 920-980 
Cle 980-1040 C2e 980-1040 
Cit 1040-1100 Cat 1040-1100 
Clg 1100-1160 C2lp 1100-1160 
Cih 1160-1220 Ch 1100-1220 
Cli 1220-1280 C2i 1220-1280 
Cilj 1280-1340 Ci 1280-1340 
Cik 1340-1400 opaque Cok 1340-j400 
Ci 1880-1940 Cul 1880-1940 
Cim 1940-2000 C2m 140-2000 
Cin 2000-2060 Clu 2000-2 060 
Clo 2060~2120 (2a 2060-2 120 
Cip 2120-2180 L2p 2120-2180 
Ciq 2360-2420 C2q 2360-2420 
Cir 2420-2486 Car 2420-2480 
C1s 2480-2540 C28 2480-2540 
Cit 2540-2600 Cet 2540-2600 
Clu 2600-2660 C2u 2600-2660 
Civ 2660-2720 Cov 2660-2720 
Ciw 2720-2780 C2w 2720-2780 
C1x 2780-2840 2x 2780-2840 
Cly 2840-2900 C2y 2840-2900 
Clz 2900-2960 C22 2900-2960 
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